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MINNEAPOLIS, March 1, 1899. 
To the President of the Board of Regents. 


DEAR Sir :—The accompanying report is intended to present 
a synopsis of the field work done by the geological parties of 
the survey since the publication of the last annual report 
which was for the year 1894. As this will constitute the last 
of the series of annual reports of the survey, it is furnished 
with an alphabetical index of all the annual reports, in order 
that the diversified contents of the annual reports may be con- 
sulted readily by any one on any subject discussed therein, 

without the trouble of searching through them all in detail. 

Respectfully submitted, 
N. H. WINCHELL, 

State Geologist and Curator of the General Museum. 
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SUMMARY STATEMENT. 


The following summary statement covers the years 1895, 
1896, 1897 and 1898. 

By the writer the year from May, 1895, to May, 1896, was 
spent at Paris, in the examination of a series of Minnesota 
crystalline rocks. He there had the cordial and generous aid 
of Prof. A. Lacroix of the Museum d’Histoire Naturelle, of 
occasional consultations with Prof. Fouque, of the College de 
France, and of Michel Levy, of the School of Mines, who is in 
charge of the construction of the geological map of France. 
Every facility which their laboratories afforded was placed 
freely at his disposal. It is through the aid of these French 
savants, repeated during the first six months of 1898, when 
another visit was made to Paris, that the methods of modern 
petrography have been thoroughly applied to the crystalline 
rocks of Minnesota. The writer, although he personally bore 
the expenses of this travel and sojourn abroad, is grateful to 
the regents of the University for the opportunity to satisfacto- 
rily go through the subject of Archean petrology as illustrated 
in Minnesota, and for the respite which he enjoyed from the 
tedium of office duties and theirinterruption. These latter were 
cared for by Dr. U.S. Grant, This was the first and only “‘va- 
cation” which the writer has had since he began the Minneso- 
ta survey in 1872; and as a vacation it was entirely occupied 
with the legitimate and pressing work of the survey. 

The remainder of 1896 was spent in continuation of the 
microscopical examinations and in caring for vol. iil, part 2, 
stillin the printer’s hands. The edition of this volume was 
partly delivered in 1897, but the principal part of it not till 
January, 1898. In the fall of 1896 a re-examination was made 
of some of the important points in the region of Vermillion lake 
and eastward as far as to Grand Portage. The party consist- 
ed, besides the writer, of Messrs. Grant and Elftman, assist- 
ants on the survey, and Mr. H. Foster Bain, of the Iowa geo- 
logical survey.” 

In May, 1897, a review was made of some portions of Carl- 
ton county with a view to arriving at a final conclusion as to 
the age of the slates and the greenstones of that county. This 


*A preliminary statement of some of the results cf this trip is published in the Amer- 
ican Geologist, vol. xx, pp. 41-51, 1897, under the title, ‘Some new features in the 
geology of Northwestern Minnesota,”’ 
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trip was extended to Ely for further comparisons with the 
greenstones lying south of Long lake, especially at the south- 


west end of that lake. From the northwest corner of Long — 


lake a traverse was made to Burnside lake for the purpose of 
noting the manner of transition from the greenstOnes to the 
mica schists and to the granite. 

As the preparation of the final chapters on the geology of the 
northern part of the state progressed, it became apparent, from 
time to time, that some points needed farther examination in 
the field. Hence another small party was made up in August, 
1897, consisting of Messrs. Grant, Elftman, and the writer, 
with Vincent Dufault as general woodsman, and another expe- 
dition was made to Snowbank lake with a view to examine 
the relations of the Animikie to the great conglomerate which 
has been called Ogishke conglomerate. This re-examination 


was conducted .via Fall lake to Saturday lake, thence to Urn 


lake, Bassimenan lake, through Pine, Moose and Flask lakes 
and finally to Disappointment lake. The important results of 


this re-examination areincluded in the appropriate chapters of — 


the final report (vols. iv and v). 

By January 1, 1898, all the county and special chapters 
descriptive of the northern one-third part of the state were 
completed, at least in their first form, and the necessary geo- 
logical maps were prepared and tendered to the Regents for 
publication. But the microscopical descriptions of the rocks 
has not been completed, nor were the generalizations and ques- 
tions of structural geology and petrology which are based 
largely on such investigations, even entered upon. The matter 
ready for publication at that date is substantially what is 
included in vol. IV of the final report. 

The writer again visited Paris, as already stated, taking 
along the remainder of the microscopical thin sections, and, 
freed from the interruptions incident to the office and from the 
corresponcence which it entails, there completed the examina- 
tion of a large number of the rocks collected by the survey. 
Dr. Grant, at the same time, while attending to the routine of 
the office of the survey, was released to conduct the instruce- 
tional work in geology and petrography in the geological de- 
partment of the University for one year. 

In the summer of 1898 some of the final chapters were revised 
and still others of the necessary microscopical examinations 


were made in Minneapolis by Dr. Grant and the writer. Not 


yet satisfied with the condition of the evidence respecting 
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certain questions that seemed to centre in the rocks about 
Snowbank and Disappointment lakes, still another visit was 
made by Dr. Grant and the writer to those lakes in September 
and October, 1898, by a different route of travel, and some 
localities were examined which had been reported on by some 
of the assistants in the earlier years of the survey before the 
questions now in vogue had arisen, and which therefore were 
not critically examined in the light of the issues that now pre- 
sent themselves. These later visits were most fruitful in im- 
portant geological results; and they necessitated the construc- 
tion and examination of numerous other microscopical rock 
sections. Perhaps the most important geological results at- 
tained by these later examinations can be expressed under two 
heads: (1) The separation of alarge portion of the rocks and 
the iron ore which have been included in the Animikie as con- 
stituent parts of the Mesabi range, from that range and their 
assignment to the Keewatin. (2) The origination of the gab- 
bro and all its variations, including its bodies of iron ore, from 
the Keewatin by a process of profound alteration and fusion, 
causing the resultant molten rock to penetrate every adjacent 
earlier rock, this taking place after the completion of the Ant- 
mikie. 

The reasons for these changes of classification, and the de- 
tails of the petrographic and field evidence are included in the 
final report. : 

The geology of the state has been furthered by occasional 
publications by members of the survey corps, and these contri- 
butions, based on the facts brought out by the Minnesota sur- 
vey from time to time since the list published in the 23rd An- 
nual Report, are listed below. 


THE FOLLOWING ARE BY N. H. WINCHELL: 


The Age of the Galena Limestone. Am. Geol. xv., p. 33, 1895. 
The stratigraphic base of the Taconic, or Lower Cambian. Am. Geol., xv, 


153, 1895. 

The paleontologic base of the Taconic or Lower Cambian. Am. Geol., xv, 
229, 1895. 

The eruptive epochs of the Taconic or Lower Cambian. Am. Geol., xv, 295, 
1895. 

Canadian localities of the Taconic or Lower Cambian. Am. Geol., xv, 356, 
1895. 

Historical skstch of investigations of the Lower Silurian of the upper Mis- 
sissippi valley. Vol iii, part 2, Introduction. Final report of the 


Minnesota Survey.. (With E. O. Ulrich). March 1895. 
The discovery and development of the iron ores of Minnesota. Minn. Hist. 
Collections, vol viii, pt. 1, pp. 25-40, 1895. 


x TWENTY-FOURTH ANNUAL REPORT 


The sonrce of the Mississippi. Am. Geol., xvi, p. 328, 1895; Minn. Hist. Coll., 
Vill, pt. 2, p. 226, 1896. 

Steps of progressive research in the Geology of the Lake Superior region prior 
to the late Wisconsin survey. Am. Geol., xvi, 12, 1895. 


The Keweenawan according to the Wisconsin geologists. Am. Geol, vol. xvi, 


75, 1895. 

A rational view of the Keweenawan Am. Geol., xvi, 150, 1895. 

The snychronism of the lake Superior region with other portions of the North 
American continent. Am. Geol., xvi, 205, 1895. 

The latest eruptives of the lake Superior region, Am. Geol., xvi, 269, 1895. 

Comparative Toxonomy of the rocks of the lake Superior region. Am. Geol. 
Xvi. p, 331, 1895. 

Lacroix’ axial goniometer. Am. Geol., xvii, p. 17, 1896. 

Microscopic characters of the Fisher meteorite. Am. Geol., xvii, 173, 234, 
1896. 

The Black River limestone at lake Nipissing. Am. Geol., xvii, p. 178, 1896. 

Sur un cristal de labrador du gabbro da Minnesota. Bul. Soc. Franc. Min., 
t. 19, p. 90, 1896. 

Volcanic ash from the north shore of lake Superior (with U. S. Grant), Amer. 
Geol., xviii, p. 211, 1896. 

The Arlington Iron, Am. Geol., xviii, p. 267, 1896. 

Sur la metéorite tombée le 9 avril, 1894, prés de Fisher (Minnesota), Comptes 
rendus, t, 122, No. 11, p. 3, March 1896. 

L’extension du systtme taconique ver l’ouest. Compte-rendu, du Cong. Geol. 
intern., 6th session (1894), pp. 272-308, 1897. 


Some new features in the geology of Northern Minnesota. Am. Geol., xx, 41, 


1897. 

The Fisher meteorite: chemical and mineral composition, Am. Geol., xx, 316, 
1897. 

The geological chronology of Renevier, Am. Geol., xx, 318, 1897. 

The Taconic, according to Renevier, Am. Geol., xx, 405, 1897. 

The determination of the Feldspars, Am. Geol., xxi, 12, 1898. 

Some resemblances between the Archean of Minnesota and of Finland, Am. 

Geol., xxi, 222, 1898. . 

The question of the differentiation of magmas, Am. Geol., xxii, 112, 1898. 

Significance of the fragmental eruptive debrisat Taylor’s Falls, Am. Geol., xxi, 
136, 1898. 

The oldest known rock, Am. Geol., xxii, 263, 1898. 

Note onthe characters of mesolite from Minnesota, Am. Geol., xxii, 228, 1898. 

Origin of the Archean igneous rocks, Am. Geol., xxii, 299, 1898. 

Thomsonite and lintonite from the north shore of lake Superior, Am. Geol., 
xxii, 347, 1898. 

Thalite and bowlingite from the north shore of lake Superior, Am. Geol., xxiii, 
41,1899. 

Chlorastrolite and zonochlorite from Isle Royale, Am. Geol. xxiii, 116, 1899. 


PAPERS BY U.S. GRANT. 
The international boundary between lake Superior and the lake of the Woods. 
Minn. Hist. Soc. Collections, vol. viii, pt. 1, pp. 1-10, 1895. 
The name of the copper-bearing rocks of lake Superior, Am. Geol., vol. xv, pp. 
192-194, March, 1895. 
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(With N. H. Winchell) Volcanic ash from the north shore of lake Superior. 
Am. Geol., vol xviii, pp. 211-213, Oct., 1896. 

Notes on some water divides in northeastern Minnesota. (Abstract) Bull. 
Minn. Acad. Nat. Sci., vol. iv, No. 1, pt. 1, pp. 39-40, 1896. 

Lakes with two outlets, in northeastern Minnesota. Amer. Geol., vol. xix, 
pp. 407-411, 1897. 

Sketch of the geology of the eastern end of the Mesabi iron range in Minneso- 
ta. Engineers’ Year Book, University of Minn., pp. 49-62, 1898. 


Papers by tormer members of the survey, on the geology of Minnesota. 


By A. H. Elftman. 


Geology of the Keweenawan area of northeastern Minnesota. Am. Geol., 
XX, 90; 175, 1898. 

The St. Croix River valley. Am. Geol., X XII, 58, 1898. 

Geology of the Keweenawan area in northeastern Minnesota. Am. Geol., 
XXIT, 131, 1898. 

By Warren Upham. 

Erosion of the St. Croix Dalles. Am. Geol., X VIII, 260, 1896. 

The St. Croix river before, during and after the Iceage. A lecture, March 
18, 1896. 

Interglacial change of course, with gorge erosion of the St. Croix river in 
Minnesota and Wisconsin. Amer. Geol., XVIII, 223, 1896. 

The Glacial lake Agassiz. Mon. XXV, U.S. Geol. Sur., 4to, pp. X XIV, 658, 
38pls, 1896. 

Glaciallake Hamline. Am. Geol., XIX, p. 423, 1897. 

The History of Mining and quarrying in Minnesota. Minn. Hist. Coll., vol. 
VIL, pt. 2, p. 291, 1898. 

_ Time of erosion of the Upper Mississippi, Minnesota and St. Croix valleys. 

Am, Geol., XXII, p. 258, 1898. 


By C. P. Berkey. 
Geology of the St. Croix Dalles. Am. Geol., XX, 345; XXI, 139; X XI, 270; 
1897-98. 


The occurrence of copper minerals in hematite ore, Montana mine, Soudan, 
Minn. Part II, Proc. Lake Sup. Min. Inst., 1V, 73, 1896. 


Alex. N. Winchell. 


Minnesota’s Northern boundary. Minn. Hist. Coll., vol. 8, pt. 2, pp. 185- 
212, 1896. 

The age of the Great lakes of North America. Amer. Geol., XIX, pp. 336- 
339, 1897. 

The Koochiching granite. Amer. Geol., XX, pp. 293-299, 1897. 


H. V. Winchell. 


A bit of Iron Range history. Am. Geol., XIII, 164, 1894. 

The Iron Ranges of Minnesota. Proc. Lake Sup. Min. Inst., 111, 15, 1895. 

The Gold fields of the Rainy River region. Ang. and Min. Journal, vol. 64, 
p. 485, 1897. 

Reputed Nickel Mines in Minnesota. Eng. and Min. Journal, vol. 64, p.578, 
1897. 

The Lake Superior Iron Ore Region, U.S. A. Transactions of the Federated 
Institution of Mining Engineers, vol. XIII, pp. 872-895, Sept., 1897. 
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Characteristic American Metal Mines. The Mines of the Minnesota Iron 
Company. The Engineering Magazine, vol. XII, pp. 872-895. Sept., 1897. 


The Museum and its needs. : 


Since the separation of the Museum collections into three 
museums, by the establishment of independent zoological and 
botanical divisions of the survey, the writer has had charge 
only of the geological and archeological portion of the Mus- 
eum, and he has not been able to devote to it much time, ow- 
ing to the urgency of the regular survey. The room devoted 
to the geological specimens, in the east end of Pillsbury Hall, 
has been kept warm in winter and accessible to the public and 
to the students. The specimens belonging to the survey nave 
been deposited, in part, in the Museum, and in part they have 
been kept in other rooms, there having been no suitable cases 
of sufficient size for their storage, much less for their exhibi- 
tion, nor time for arranging them. 

Recently, however, several new cases have been built, similar 
to others now in the Museum. A general renovation and re- 
arrangement have been entered upon, including all the speci- 
mens. Since the fire which occurred in Pillsbury Hall in De- 
cember, 1889, the Museum has not been in good condition. 
The specimens were damaged by soot which fell on all exposed 
surfaces and even penetrated the drawers and cases. The 
trays were in many cases ruined, and the delicate specimens 
could not be cleaned. Nevertheless there was a hasty replace- 
ment of most of the specimens, in order to get the Museum into 
tolerable condition. For the tine and means that were then 
available that was all that could be done. It is proposed now 
(Feb., 1899,) to thoroughly overhaul the whole Museum, re- 
arrange, assort, relabel and clean all specimens that were not 
cleanea before. Along with this will be involved the arrange- 
ment and exhibition of many of the fossils of the state and 
rocks and minerals from the northern part of the state which 
have served as basis for the survey reports. The law of the 
survey also orders the exchanging of typical sets with other 
institutions and thedeposit of specimens in the Normal schools. 
This will also be done if time and means are afforded. 

The type specimens, both rocks and fossils, and all the mater- 
ial on which are founded the investigations and the results of 
the survey, are valuable as scientificdataand ought to be care- 
fully preserved for future use and critical comparison. 

The Museum has suffered in the past from untoward circum- 
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stances beyond the control of the curator, and it is to be hoped 
that in the near future such circumstances may be mitigated 
and that the growth of the Museum along the lines in which 
such a museum should grow, will be more rapid and more 
satisfactory. 

The writer has entertained the hope that at some place in 
Minnesota, if not at the University, there might be created a 
true museum, a source of information and of inspiration, a 
credit to the scientific enlightenment of the Northwest, and he 
has on several occasions called public attention to the need of 
such an institution. With the administration and prosecution 
of the geological survey on his hands and with no money that 
could be devoted to it, he has not found opportunity to push 
this wish to fruition, and the more so becanse of the adverse 
circumstances that environed him and his work at the univer- 
sity. 

In a lecture delivered at the annual meeting of the St. Paul 
Academy of Sciences, May, 1891, on ‘‘ Museums and their Pur- 
poses,’’ the writer defined the scope and functions of a true 
museum of the highest modern type, and concluded with the 
following summary: 

“The ideal museum should have, first, suitable permanent 
quarters for its local habitation. These quarters should be 
adapted to the uses to which they are to be put, and should be 
planned and erected with constant reference to economy of la- 
bor and time for the workmen who are to occupy it. This isso 
obviously necessary that it seems, at first, that it need not be 
stated. Yet its neglect isa common mistake. How often are 
the planning and construction of such a building put into the 
hands of some professional architect with instructions simply 
to eréct a building of good architectural proportions and fine 
appearance. In the main, such a building should contain 
rooms for laboratories, for storage, for exhibition, classifica-— 
tion and, perhaps, for lectures. 

“Secondly. The ideal museum should have materials in the 
form of multifarious collections, and the ways and means for 
increasing them, and of exchanging them with other museums. 
Whiie some of these will be put on exhibition, at least those 
which have been sufficiently examined and classified, the larger 
portion will be kept in storage for the use of its collaborators. 

“Thirdly. Such a museum will be well supplied with appar- 
atus and libraries, and the apparatus will consist of the best 
makes and of the latest improvements. I wish to emphasize 
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the libraries. There is nothing that the scientific student so 
much needs, and which he is most frequently without, as a lib- 
rary of those works which pertain to his science. He wishes to 
know what others have discovered, or what they have failed 
to discover; what methods others have followed, and what 
paths are still untrod. It is one of the difficulties of most scien- 
tific institutions, especially of new ones, to procure means for 
the scientific literature pertaining to the sciences which they 
are supposed to cultivate. 

“Fourthly. For the efficient working of such a museum 
there must be a corps of scientific collaborators, sufficiently 
paid to relieve them from anxiety for their comfortable subsist- 
ence and that of their families. 

‘‘Fifth. Means of publication, either by lectures or by print- 
ing. It would be better that both these methods of publica- 
tion be pursued. The former disseminates information cheaply 
and quickly. The latter is more formal and more permanent, - 
furnishing means for recording facts and principles with care- 
fulness and thoroughness, with a view to future reference. 

“Sixth. Such a museum should have its administration uni- 
fied and harmonized by being under the responsible charge of 
one man. There should he a plan for its work, outlined by the 
proper authority, and that plan, with the rules which it should 
involve for the government of all the collaborators, should be 
enforced with persistence and fidelity.”’ 


Such an institution would be a museum in the highest sense. 
It is not to be expected that such an ideal museum will be at- 
tained at one bound. It will be a result of growth, which 
sometimes will be slow; but in the writer’s opinion it is sure 
to come and to be realized at some point either in Minneapolis 
orin St. Paul. The geographical, no less than the political 
and social conditions, will not be satisfied until there shall be 
in the state of Minnesota a great centre of scientific light—a 
point toward which shall gravitate all patrons of science who 
happen to visit the Northwest, and all citizens who are in- 
clined toward science. 

The writer has been hopeful that the Geological and Natural 
History Survey, and the fund on which it is based, might be 
the nucleus about which such an institution should be built up 
at the University. Its collections, its apparatus, its books, its 
employes, suitably organized, would already constitute such a 
nucleus. They might be housed in a specially adapted building 
and, thus individualized and unified, such an institution would 
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be fostered by the Legislature. In the opinion of the writer, it 
is an opportunity which the University should not let pass, for 
the remainder of the fund will probably never berecalled bythe 
State, if the State is satisfied that it is being put to the most 
profitable and most reasonable uses. 

The writer has made various fruitless reeommendations res- 
pecting the development of the museum along these lines, and 
has striven to laya satisfactory foundation on which thefuture 
might build, but he feels far from satisfied with the success 
which has rewarded his efforts. 

In any case, if the museum be continued on its present plan 
and scope, it should be put under the exclusive administration 
of one man, 2nd it should be allowed some means for renewal 
by purchase. Good specimens can be got only by purchase. 
Exchanges will extend the variety and donations will increase 
the volume of the collections, but purchase only will improve 
the quality. The funds of the Survey have been so limited, and 
so urgently demanded by the stated work of the geological 
survey, and the regents have so frequently counseled economy 
in all survey expenses, that it has been impossible to improve 
the museum either by the addition of specimens or by the pur- 
chase of cases. 


The Library of the Survey. 


In July, 1898, the books belonging to the survey, obtained 
mostly by exchange with scientific institutions, were inven- 
toried, with the following result: 


Volumes, foreign, Se St eer 895 
Volumes, American, - - - : = 883 

Total volumes, - 1778 
Pamphlets, foreign, A = reese 1401 
Pamphlets, American, - -~ - 981 

Total pamphlets, - 2382 
IMIS fon haat ial Was Paes So 


Miscellaneous, unclassified pamphlets, 


100 more or less. 


Several hundred should be added for arrivalssince July, 1898. 
Seventy-four volumes were lost in a recent fire whichconsumed 
the bindery of A. H. Dahl & Co. It has been customary to 
keep a careful record, in books specially prepared with proper 
headings and rulings, of all books sent and received by the sur- 
vey, but since July this registration has been suspended. 

The registration and keeping of the library are germane to 
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the keeping of the specimens of the Museum, and it is appar- 
ently the most economical method and the most convenient, 
that the books be inthe charge of the same responsible keeper. 

The library isnot known asa public library. It has no rules. 
It is consulted by instructors and by students, but it might be 
made more useful by placing it in a more accessible room, and 
by the appointment of some young man, with nominal pay, to 
act as librarian. All the registration and boxing of exchanges 
sent, and the acknowledgment of those received, as well as the 
special custody of the whole collection, including the remaining 
copies of the survey reports, should be kept in a systematized 
method. It is not likely that the work connected with this de- 
partment of the survey will be materially reduced by the for- 
mal close of the geological survey, for there remain many copies 
of the reports which ought to be distributed under rules similar 
to those which have been in force in the past. These will serve 
to greatly augment the library beyond its present limits. 

The tormal official close of the geological portion of the sur- 
vey, originated in 1872, may be considered to date from the 
publication of this statement, although there will remain the 
publication of the volumes which cover the northern one-third 
part of the state, the geological atlas of the state, consisting of 
the collected geological plates with brief explanatory chapters, 
two important bulletins which have been mentioned incommu- 
nications to the regents at different tines, and a partially pre- 
pared bulletin on the Winnebago meteorite. The regents have 
already executed a contract for the publication of the final vol- 
umes referred to, and these will appear inthe course of the com- 
ing year, in style and size uniform with the three that have al- 
ready been published. Were it not that the pages of the twen- 
ty-fourth annual report have to be referred to in the printing 
of vols. [V and V of the final report, it would be more appro- 
priate to postpone the publication of the final annual report 
until the completion and publication of those volumes. 


The cost of the Geological Survey. 

The cost of the geological portion of the survey, made out 
from the reports of the regents and from the records of the 
state geologist, can be stated approximately as below. Itisa 
somewhat difficult task, in somecases, to disentangle the strict- 
ly geological expenses from others as grouped inthe treasurer’s 
reports. But by the aid of records kept systematically since 
the commencement of the survey by the state geologist, every 
item of expense incurred by him, or for his work, can be identi- 
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fied; and annually the cost has been separated from the gener- 
alexpenses. Too often, however, in the public press and else- 
where, the cost of the whole Survey, including the museum, has 
been charged against the ‘‘geological survey,’’ and it has some- 
times been wrongly accused of being too costly. The average 
annual cost of the geological portion of this enterprise, for the 
27 years during which it has been under the charge of the 
writer, has been $5,420.64. The following summary of the 
expenses of the survey is taken from a communication made to 
the president of the board of regents, Feb. 10, 1897, supple- 


mented by later data to July 31, 1899. : 
Summary of the expenses of the geological survey. 
Cost of the survey and museum prior to 1879, - - $ 15,000.00 
Cost from 1879 to 1888, inclusive, - . - - - 51,051.09 
Cost from 1888 to July 31,1896, - - - - - 54,193 -35 
Special appropriation of 1887, - - - - - . 9,640.50 
Total cost of the geological survey proper, andofthe 
museum to July 31, 1896, = - - - - $129,884.94 

Cost since July 31,1896 to July 31, 1899, including print- 
RP THAR obey A vs hak 2 ot Ot Sr cane ae 16,472.33 
Total cost to July 31,1899, - - $146,357.27 


The credit side in dollars and cents. 


When the survey began, in 1872, there was in possession of 
the State, in a more or less uncertain condition as to location 
and value, a class of lands known as Salt Spring lands. Of 
this land grant, which came from the United States when 
the State was admitted into the Union, the Legislature had 
been induced, under various specious pretexts of developing the 
brine alleged to exist at Belle Plaine, to part with two large 
bodies ofland. One was granted by the Legislature of 1870. 
Another was granted by the Legislature of 1871 conditioned 
on a favorable report by a competent geologist, to be ap- 
pointed by the governor. Goy. Austin appointed Prof. A. Win- 
chell, who reported adversely, rendering the act inoperative. 
Still the project survived, and the Legislature of 1872 was in- 
duced to make another grant of six sections of Salt Spring 
lands for the same purpose to the same company, without con- 
ditions. This history plainly indicated that the Salt Spring 
lands were the prey of delusive enterprises, and would in time 
be frittered away without rendering the State any return. In- 
deed the present state geologist had no sooner fairly entered 
upon his duties than he was solicited for aid to the Belle Plaine 
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Salt Co. with a view to the designation of other salt lands 
where said company might still further explore at the expense 
of the Salt Spring lands. And still further, after these lands 
had been set aside for the expenses of the Geological and Nat- 
ural History Survey of the state, the Belle Plaine Salt Co. pur- 
sued the Board of Regents. A bill wasintroduced in the Legis- 
lature fof 1875 (?) authorizing the Belle Plaine Salt Co. to ex- 
plore for brine on any of the Salt Spring lands of the state, and 
ordering the regents, after a certain amount of work had been 
done, to pay said company by deeding to it some portion of 
these lands. The bill never becamealaw. But it still further 
shows the precarious position of the Salt Spring land grant. 

The state geologist in his first report (1872) recommended 
that these lands be used for the prosecution of the survey on 
which he was engaged. In making this recommendation he 
had the concurrence of several public spirited and far-sighted 
citizens, among whom should be mentioned Hon. J.S. Pillsbury, 
Hon. A. J. Edgerton, Hon. O. P. Whitcomb, Hon. H. B. Wilson 
and Mr. W. D. Hurlbut. The lands were so appropriated 
through the activity of Mr. Pillsbury who was then in the 
state senate. 

This history is detailed here, not to show that these lands 
should be credited to the survey, but tomakeit plain that, had 
not the survey interposed at a critical epoch in their history, 
the State might have lost them entirely by such enterprises as 
the Belle Plaine Salt Co. 

The Salt Spring lands, originally granted to the State, aggre-. 
gated 46,080 acres, as reasonably computed from the terms of 
the grant. Of this the State was unable to avail itself of 11,- 
520 acres, thatamount being situated outside the area surveyed 
by the United States government. This reduced the original 
available grant to 34, 560 acres. It was further reduced by 
occupancy by settlers 6,752 acres. About 1,600 acres were 
also previously covered by the terms of the act granting 
swamp lands to the State. The remainder, 26,425 acres, 
was certified to the State. The Bell Plaine Salt Co. was grant- 
ed 7,643 acres on complying with the acts of the Legislature. 
The rest of the certified lands, amounting to 18,771 acres, were 
turned over to the regents to carry on the Geological and Nat- 
ural History Survey. 

On making an exhaustive examination of the records in the 
governor’s office at St. Paul, for which search the then gov- 
ernor (Austin) submitted the records of the correspondence of 
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the office since the admission of the State into the Union, thestate 
geologist not onlyascertained the foregoing facts, but also dis- 
covered that there wasalarge deficit towhich the State was still 
entitled. The report that he made to the regents on the condition 
oftheSaltSpring land grant was printed as aspecial document by 
order of the board of regents, at the expense of the board, and 
was privately circulated to the state officers and to the Legisla- 
ture, but it never entered into the public documents. It is, 
however, summarized in one of the reports of the regents to 
the Legislature. 

On conference with Gov. Pillsbury, and largely by his instru- 
mentality, those who were cognizant of the circumstances 
caused a memorial to be introduced in the Legislature, which 
was passed, asking Congress to allow indemnity selections for 
this deficiency. After somedelay Congress granted such indem- 
nity lands, aggregating 19,872 acres, and the Legislature of 
1885 transferred them also to the board of regents for the pur- 
poses of a geological and natural history survey. 

It is plain, therefore, that these indemnity lands which were 
wholly unknown and were procured through the discovery re- 
sulting from the voluntary search of the old records by the 
state geologist, should be credited wholly to the geological 
survey. At $5.00 per acre, which is the lowest price at which 
state lands can be sold, they are worth $99.360 as a minimum 
valuation. The Salt Spring lands already sold have brought 
an average price over $6.00 per acre. 

The reports of the treasurer of the regents, from 1872 to July 
31, 1899, show that the total cost of the Geological and Nat 
ural History survey, since its commencement to the date 
named, as disbursed by the regents, has been $172,152.33. 
These figures do not include that $10,000 appropriated by the 
legislature of 1887 and expended by the state geologist direct, 
and should be increased by $9,640.50 as stated above. As this 
includes all expenses, whether for zoology, botany or topog- 
raphy, all of which have been more or less actively prosecuted, 
especially in late years, the excess of such expense, above that 
which has been incurred for the geological survey proper and 
for the museum, should be credited indirectly to the geological 
survey proper. The funds have all been procured, not for 
botany nor for zoology; not for a natural history survey, but 
for a geological survey. The state geologist has borne the bur- 
den, on behalf of geology, before the legislative committees and 
before the public, and to this day the public press comments on 
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the survey as a geological survey. The lands were appropria- 
ted with a view tv completing the geological survey. It may 
be questioned whether any lands or any appropriations at all 
could have been procured for the prosecution of a natural his- 
tory survey. It is only because we are here considering figures 
from a strictly geological point of view that this distinction is 
mentioned. There is a community of interests between the 
natural sciences and they should not be divorced except when 
from special circumstances a special inquiry needs to be made. 
It is reasonable, therefore, that the geological survey should be 
credited in a general sense with the amount of the total ex- 
penses incurred in excess of that incurred for the geological 
survey proper. This amounts to $25,795.06. 

Allowing this general claim, however, to go for nothing, as it 
might be invidious to estimate it strictly in dollars and cents, 
it will only be claimed here that thoseservices which have been 
rendered to the State which can be estimated in dollars and 
cents, in excess of the regular work of the state geologist and 
his assistants, should be credited to the geological survey, viz: 

1873, appropriation for chemical apparatus, - - - $ 500.00 


Services of the state geologist in charge of the department 
of geology for six years, apparatus and books for the 


general library and the department of geology - 12,510.80 
Residue of appropriation of 1887, - = see 359.50 
Residue of appropriation of 1893, - - - - - _ 6.96 
Indemnity lands discovered through the agency of the 

state geologist (1885), 19, 872 acres at $6.00 - - 119,232.00 

Total credit in dollars and cents that haveentered —_——— 
into the records, =e here = ete eh eR $132,609.26 


Total Summary. 


Total cost of the Geological Survey proper, in dollars and 

cents, 1872 to July 31, 1899,* - - - . - $146,357.27 
Total revenue to the State, as shown in dollars that can 

be counted, in excess of the public good that may 

come from the Survey, er er ee ee ee 


Balance, (actual cost of the geological survey : 
propet) (P<) "ts es i ae $13,748.01 


The geological survey proper has therefore in a large meas- 
ure paid for itself in immediate and direct returns to the treas- 
ury af the State. 

Nothing is said here of any of the benefits of the survey that 
cannot be computed as tangible results in dollars and cents, 
such as the development of the State’s resources, nor of the 


*Since Jan., 1899, thecost of the Survey, asreported by Accountant Sprague, includes 
expenses of publication, 
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credit the State gets for the maintenance of such ascientific and 
educational agency among the’States of the Union. These less 
observable results, if the troubleshould be taken to reduce them 
to dollars and cents, would far exceed the foregoing, as they 
constitute at once the chief purpose, and the crowning credit 
of the survey. Some of the intangible benefits of the survey 
were summarized by the writer some vears ago,in Bulletin No. 
1, as they appeared at that date—1889. 

Nothing is said above of the cost of printing the reports of 
the survey, whether economic orscientific, because such expenses 
have not been incurred under the survey law, and because the 
reports may at least be considered as worth to the State what 
it has cost to publish them, notwithstanding excessive irregu- 
larities and unnecessary expense under the present methods of 
public printing. 


The Condition of Geology in Minnesota. 


It ought not to be supposed that by the closing of active 
work by the present survey, and the publication of its final 
report, the geology of the state is a finished thing. Geology is 
a progressive science, and requirescontinual work. Thereports, 
when published, simply mark halting-places in a research. The 
halt may be like a comma in a sentence, or like a period. The 
sense, however, goes on, if the reader does not flag, and it only 
waits to be expressed. What we know today of the geology 
of the state is so much truth added to thescience of the day. It 
is more than it was when we began this survey. We began 
where Owen and Eames had stopped, and we have carried the 
investigation only to the next period. If we cease here, it is 
only that, after a time, some one may resume the research and 
carry the geological story still further ahead. We have built 
another platform, like that built by Owen. The geology of the 
state must be pushed beyond this platform, either fast or slow, 
by those who will come later upon the field in the same way 
that we have carried it beyond the platform of Owen. There 
is no county, scarcely a township, but should be more fully ex- 
amined. All the rocks of the state hold more that is unknown 
concerning them than all we have found out. The State of 
Wisconsin began a survey after the Minnesota survey was be- 
gun, hurried it to ‘‘completion” in a few years, published its re- 
port, and has now entered on another survey in which in one 
year is to be spent more than the average annual cost of the 
Minnesota survey. Missouri has had several surveys, notcom- 
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pleting any. New York closed up its first survey in about 
1850, but after a large series of quarto volumes devoted to 
paleontology has now set to work to describe and map her 
domain more in accordance with present methods and as de- — 
manded by the more advanced geology of the day. Pennsyl- 
vania has recently repeated her geological survey, at great 
expense. Nearly all the States of the Union have found that 
their first surveys, or efforts at surveys, were far from com- 
plete, and have continually added to the knowledge of their 
territory by fresh and more advanced examinations. Such 
must be the history in Minnesota. Each report publishes what 
is known, and usually also indicates whatis probable amongst 
the things unknown. These publications serve as guides, more 
or less reliable, to the future geologist. 

While this is true, in general, of all geological surveys, there 
are some examinations in special, ordered by the law of the 
Minnesota survey, which have not been carried out, and it will 
be well that they be enumerated somewhat seriatim. It is be- 
cause of the magnitude of the work and the limitations of time 
and money available that these things have not been done. Sev- 
eralof theseneglected examinations arestrictly of aneconomical 
nature, and bear directly on the natural resources of the state, 
and their completion would redound immediately to the gen- 
eral acceptability of the survey amongst the citizens of the 
state. Others are more strictly scientific and technical, but 
would appeal powerfully to the influential educated classes of 
the community. 

It will be noticed in the chapter on the physical features of 
the state, published in the first volume of the final report, that 
the various topics are treated quite summarily. It was the 
writer’s intention, when that chapter was prepared, that each 
general topic there treated should ultimately serve as the gen- 
eral subject of full research and of illustrated report. Substan- 
tially a whole volume would thus be devoted to the physical 
features of the state. That subject is worthy of such ample 
description. The materials forsuch a discussion were then not 
in hand in detail, but have come into our possession gradually 
with the progress of the survey. The following would consti- 
tute the general topics of such a volume. 

1. The distribution and character of the drift. 

2. The surface configuration of different parts of the state. 
3, The relative elevation of different parts of the state. 

4, The kinds and distributions of the soils and sub-soils. 
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5. The lakes and rivers and the qualities of water of dif- 
ferent portions. 

6. The nature and distribution of the native forests and 
their relation to prairies. 

While in general the terms of the law are complied with by 
the brief discussion given these subjects in this chapter of vol- 
ume i., yet there are some parts which are very insufficient ; for 
instance: the survey law requires the chemical analysis and de- 
scription of the soils. Not asoil analysis has been made, and 
there has been no general investigation and description of the 
soils of the state. 

The same is true of the clays which are one of the promising 
resources of the state, and for which there is a demand for sur- 
vey and examination. The brick clays are common, and per- 
haps do not warrant special description, but the kaolin clays 
of the southern and. western counties are worthy of more 
attention. They have been casually noted in the county re- 
ports, but they should have special examination. 

The peats were examined into in 1873 and a report was ren- 
dered, but it was based on the peats of the southern counties, 
whereas the northern counties contain much peat that has not 
been examined, though in much greater quantities. 

The brine which exists in large quantities in the northwest- 
ern part of the state might be made to produce considerable 
revenue. According to the slight examination that has been 
made it is a more pure and concentrated brine than the brines 
of Michigan which are celebrated for their annual production. 
Every facility, even artesian overflow, exists in northwestern 
Minnesota which exists in Michigan favorable for their devel- 
opment, except that of shorter warm seasons for solar evapo- 
ration, and it may be that the greater intensity of evaporation 
during the shorter summer of Minnesota would compensate for 
its greater brevity. 

The mineral waters have not been examined. This topic 
would naturally fall into the discussion of the “lakes, rivers 
and qualities of waters”’ of the state mentioned above. 

The marls and limestones have not been examined as such, 
although specified and required to be examined by the survey 
law. The limestones, as suitable foz building stone, have been 
carefully investigated and reported in vol. 1. of the final report, 
but for mortar and cement their qualities are an unknown 
quantity, except for the general experimental knowledge pos- 
sessed by masons who use them. Their excellences and their 
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limitations should be enquired into officially, and published by 
the State. They have not heen examined in these respects. 
Several of them have reputed excellent cement qualities, and 
cement is actually being made at some places. How far this 
cement-giving limestone extends, and whether the quality is 
superior or not to those cements that are inported from other 
states, are questions that the survey is expected to answer, 
and are specially mentioned in the survey law. 

The artesian waters of the state, which are very important 
in furnishing wholesome water in many towns, and on the 
prairies in the northwestern counties, and concerning which 
there is a continued and voluminous correspondence with the 
survey, have certain laws and fixed principles which govern 
their distribution and abundance. They have been casually 
here and there noted in the county reports. As a general sub- 
ject they have not been examined into, much lessexplained and 
set forth so that parties may be guided in making attempts to 
find them. 7 

The iron ores and the building stones and the gold deposits 
of Rainy lake are the only economic products that have been 
thoroughly examined and reported by the present survey, 
although there remain still unknown possibilities of the iron 
resources. All other useful materials pertaining to the mineral 
kingdom, have been subordinated to the general main purpose 
to ascertain the geological structure. The strength of the sur- 
vey has been devoted to the discovery of the actual formations, 
their ‘‘number, order, dip and magnitude,’”’ and the delinea- 
tion of the same on the county maps. Special researches into 
their contents, as to their economic value, have generally not 
been possible. 

Besides this lack of economic research there are important 
lacunze in the scientific side of the survey which render it im- 
possible to call the survey of the state finished. 

1. The drift features of the state ought to be set forth as a 
whole, now that the state has been covered and mapped by 
individual counties, and some further surveying ought to be 
done to correlate without doubt the various moraines. The 
retreat of the ice margin across the state of Minnesota, when 
correctly and fully deseribed, woula constitute an important 
chapter in late geological history. At the present time this 
remains somewhat in confusion for the lack of some general 
examination sufficient to adjust some conflicting observations 
and variant interpretations. 
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2. Whether some remnants of the Lafayette formation (be- 
tween the drift and the Cretaceous) exist in Minnesota as rend- 
ered possible in the existence of crag and pebbly conglomerates 
which donot seem to belong to the drift, in Fillmore and other 
counties, should be determined by special examination. 

3. Whether the eastern most outcrops of the Cretaceous 
belong to the later strata or to the earlier, i. e., whether the 
Cretaceous ocean withdrew from the state slowly, after a gen- 
eral and prolonged submergence, or rapidly, so as to leave its 
latest deposits furthest east, is a question which the survey 
cannot answer. It might be answered by a careful collection 
of all the data and especially by reconsidering the distribution 
of the fossils. 

4. The Devonian exists in the state, but that is all that is 
known of it. A few fossils have been collected and hypothetic- 
ally its area has been mapped. The Devonian has, however, 
received very little consideration. 

5. The Upper Silurian has hypothetically been represented, 
in the early years of the survey, as entering the state in the 
southern portion of Fillmore county, but that needs to be 
verified. 

6. The Upper Cambrian has not been fully investigated. 
There is a large list of fossils belonging to this horizon which 

-have not been described, nor even listed. This is one of the 
most serious of the gaps in the scientific work of the survey. 
The material is available, but time and money are lacking. 

7. The crystalline rocks of the northern part of thestate,i.e. 
the Taconic and the Archean, have received more attention 
than all the others. Jhese involve structural problems of the 
first order, but their great variety and complexity leave it cer- 
tain that much remains to be found out concerning them, and 
that some of the conclusions of the final report will have to be 
considered as tentative hypotheses until reviewed and con- 
firmed or corrected by later research. 

8. While some parts of the area of the crystalline rocks have 
been carefully examined, there are still considerable portions 
of St. Louis, Lake and Cook counties that have not been suf- 
ficiently surveyed, and in such instances not only the geologi- 
cal boundaries but also the geological structure may be different 
from what has been expressed in the final report and plates 
which accompany the report. Some of these areas are not yet 
subdivided by the United States government, but the limita- 
tion of the survey in this respect has been owing rather to 
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shortness of time and funds. It is difficult and costly to con- 
duct geological examinations in such a region, and the obser- 
vations made in the surrounding country, as well as the con- 
clusions derived from them as to structure, have necessarily 
been extended hypothetically so as to cover these unsurveyed 
areas. There is no doubt that many new facts as to the 
geology of the Taconic and Archean would be learned by ex- 
tending a careful survey over these regions. 

9. The student will also observe a large omission in the petro- 
graphical work. There have been collected fiye series of rock 
samples by five different geologists. This has been attended 
by considerable expense, as they are accompanied according 
to the plan of the survey, by copious field notes. But one of 
these series has been studied in full, as will be seen by reference 
to Volume V of the final report. At the same time all the 
granites and crystalline rocks collected in the central and 
western portions of the state, numbered and listed and pub- 
jished in the Museum Register (those marked in red) have not 
been examined at all. It was the writer’s plan to make a care- 
ful examination of all these rock samples before entering on a 
final discussion of them, but he has not been able to carry this 
out. The descriptions and the classification of the crystalline 
rocks of the state are based wholly on the writer’s own series 
of field samples, although with a few collateral examinations 
of the series of some of the assistants. 

If these rocks be not lost they will yet furnish, along withthe 
published descriptive field notes, for some other geologists a 
large amount of raw material for further study of the geology 
of the state. Under proper hands they could be made to fur- 
nish to the advanced classes in geology in the University 
many problems of great interest and importance. 

The question may arise—why have all these things been 
omitted? The answer is because of the necessity of guing 
ahead with the main line of the survey. The people are im- 
patient. Money is hard to get where none exists. Men will 
not usually work free of all cost for the public, even in the 
cause of science. Human life is short. The survey has already 
been continued twenty-seven years. It was a choice between 
“completing” the survey after a fashion, as first laid out, and 


leaving it unfinished, and the former alternative was adhered 
to. The people, the regents and the other professors who have 
work to do under the same law, as well as the state geologist, 


were impatient to see the ‘‘final report’ of the survey done 
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with, in order that anew order of things might be inaigurated. 

It appears, therefore, from the writer’s point of view, that 
the State of Minnesota isin theright place to begina thorough 
geological survey. Something is now known as to the broad 
structure; a kind of connoissance has been made. Now should 
begin a more minute survey, which ought to continue indef- 
initely, and which ought to make known not only all the pos- 
sible resources but the more minute geology. Its units of pro- 
gress should not be geographical, as in this survey, but topical, 
and a single subject should be followed wherever it might lead. 
In such a re-examination the chief factors must be the teachers 
of geology in the colleges and universities, and chiefly those of 
the State University. 

The State of Minnesota has had a geological survey made 
almost without knowing it. The merely nominal cost entailed 
by this work, owing to the use of the Salt Spring land, which 
cost the State nothing, when compared with the appropria- 
tions of cash which has been made by most of the other States 
of the Union, presents a remarkable contrast. The smallness 
and the slowness of the revenue have retarded the geological 
work. Had there been enough money available the so-called 
completion of the survey might have been brought about sev- 
eral years ago, with a satisfactory degree of thoroughness, by 
the employment of several competent geologists. It has gone 
along slowly, and that has rendered it possible, and probably 
to the advantage of the survey, for the state geologist to per- 
sonally review and decide most of the difficult questions that 
have arisen in the study of the Archean and the Taconic, thus 
rendering the final report more uniform in plan and homoge- 
neous in interpretation. 


Conclusion. 


The writer committed himself to this work unreservedly, in 
1872. There have been some difficulties and vexations con- 
nected with its progress and administration, sometimes almost 
sufficient to induce him to relinquish it. The plan, however, 
which was laid out in the beginning has been adhered to, and 
with the publication of the last two volumes of the final 
report, now contracted for and in progress, and the execution 
of the general atlas, as mentioned, the responsibility and difh- 
culties of this long and arduous enterprise will cease, and its 
results will be available to the citizens of the state. Itis with 
thankfulness to all who have aided him, and charity for all 
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who have opposed him, that the writer, with a profound feel- 
ing of relief, lays down his burden and commits his chief life 
work to the citizens of Minnesota, and bespeaks for it from all 
geologists that forbearance which may be due tova difficult 
task begun under discouragements in a frontier state, and 
carried on to completion without deviation from the initial 
plan and with comparatively little cost to the State. 


N. H. WINCHELL. 
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mOSK SAMPLES COLLECTED: TO 1LLUSTRATE 
NOSPES, OF» N.sH. WINCHEEDAINrag6: 
WITH ANNOTATIONS. 


The Nature of the Transitions of the Coutchiching. 
Compare rocks 2114-2124. 


1980. Ortonville granite, as used in the Hennepin county 
court house, from the yards at Minneapolis. 

1981. Mica schist. Sec. 36, T. 63-7, opposite Avis island on 
the main land at the shore of Vermilion lake. Here are seen 
on a rounded dome: 

Mica schist, the oldest rock. 

Quartz veins, accompanying upheaval and folding. 
Crumpling of No. 2 and the schist in which it lies. 

Later quartz veins uncrumpled. 

Granite dikes, faulting and crossing the quartz vein No. 
4. itself of course existing because of dynamic disturbancejthat 
broke the schist. 

There is visible also a succession of eruptions. 

1982. Greenstone dike, ten inches wide, cutting the next. 

1983. Granite, 3 ft. wide, cut by 1982. 

1984. Granite, apophysis 8 in. wide, cutting greenstone. 
The dike is 2 ft. wide. 

1985. Greenstone cut by 1984. 

1986. Menan island, at the place sketched and illustrated 
in the 15th annual report, pp. 288, 289. The older granite. 

1987. Thelater granite. Two specimens showing the con- 
tact between 1986 and 1987. The older granite is finer 
grained, and whiter than the younger, which is reddish. 

1988. (Number omitted). 

1989. An older greenstone cut by the red granite 1987. 

1990. Curious gray rock, fine-grained, 6 in. wide, cutting 
’ granite (apparently the younger granite) which is cut by a still 
later greenstone. 1990 also cuts this later greenstone. Shows 
contact on schist. 

1991. NW, SE, sec. 26, T. 63-17. Supposed to be the 
same nature and age of dike-rock as 1990, which appears to be 
the youngest of the eruptive rocks of this vicinity. This exists 
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in the form of a laccolith, or a spreading mass, in the midst of 
schists and granites, forming the highest parts of a knob a 
little back from the lake, where the route turns north on the 


o ~ 


east side of the channel. 

1992. Coarse granite or pegmatyte, vein-like, enclosing a 
mass of 1991, much lighter colored than 1991. 

1993. Another supposed condition of 1990, making knobs 
of eruptive aspect, at the shore—evidently an important rock 
in the Archean. 

1994. NW, sec. 23, 63-17. Granite from a dike. Along 
the high E-W coast can be made'‘a series of important obser- 
vations. This point was examined cursorily and reported in 
the 15th annual report (pp. 293-94) in 1886. The mica schist 
is charged with granitic elements, which appear in various 
forms. The structure dips north. While some of the granite 
has distinctly the form and phenomena of eruptive rock cutting 
the schists, there are irregular nodules and lenticular masses 
varying in size from a walnut to areas several feet across, but 
mostly less than six inches, which cannot be referred to that 
origin. Sometimes these red granite patches assume elongated 
shapes, their thickness having a tendency to dwindle down to 
an inch or even a quarter of an inch and their elongation to lie 
parallel with the schists. They then extend for several feet and 
appear like inter-laminations in theschists. On close inspection 
it is apparent, then, that their composition gradually changes, 
and that they assume the composition and the internal struct- 
ure of a gray rock which is neither granite nor schist, but 
which maintains the same general structure and parallelism of 
direction. This gray rock constitutes a large part of the coun- 
try rock. It is closely inter-laminated with thin and thick 
bands of mica schist, and it acquires a red color on weather- 
ing. It cannot be separated in the field, by any structural nor 
any mineralogical distinctions, from the lenticular masses of 
granite, on the one hand, nor from the main micaschist forma- 
tion on the other. 

That the schists were fractured is evident, and that this 
granite, which is sometimes very coarse, and quartzose, en- 
tered the fissures, is also evident. : 

1995. Sample of the schist permeated by the granitic ele- 
ments. 

The above stated facts, and further examinations, seem to 
warrant the conclusion that here the mica schist of the region 
is itself the source of the granite of the region, through meta- 
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morphism and finally through separation, chemical and 
mechanical, of the granitic rock thus produced, into the in- 
ter-laminations and into all openings and areas of weakness; 
and that this process was accompanied by pressure, heat and 
moisture sufficient to cause the practical fusion and mobility 
of the clastics thus affected. 


Other phenomena can be briefly given as follows: 
1. There is an infinity of the red inter-laminations, some of 
them interrupted and interchanging or over-lapping with the 


schist. 


2. Sometimes these inter-laminations consist largely or even 


wholly of quartz. 

3. Sometimes they consist almost wholly of coarse red crys- 
tals of orthoclase. 

4. Sometimes quartz and orthoclase are mingled as in peg- 
matyte. 

5. Sometimes the red color of the rock mass is not separated’ 
from the gray by any sharp line, but they fade into each other. 

6. There is a dike of red granite (1994) that cuts across the 
strata. Itis 3 inches wide, and in one place the transition is 
abrupt, but, following it along, the dike loses its individuality 
by fading out on one side into the schist, and for some inches 
the two rocks are blended, i. e., on that side, but on the other 
the contact line continues nearly as distinct. At last the:point 
at which the rocks are blended is marked by an irregular spur, 
or nodule, of more perfect granite; but associated with this 
nodule there is a nodule of vein quartz. 


1996. Quartz nodule, as above, at the end of a variable 
place in the mixed rock alongside of the above red dike. 

7. The granitic lenticular masses are most numerous in 
the form of inter-laminations in the schists and dip in coinci- 
dence with them. 

8. These phenomena occur where the formation is not cut 
by marked and characteristic granitic dikes, but in a broad 
area of bare rock where the whole formation is seen to be pro- 
foundly and widely altered. 

These features, taken together, as they must be, and coexist- 
ingin the same rock mass, not far removed from an area of unin 
terrupted granite where, of course, was still greater activity of 
the same forces, whatever they were, can hardly be explained 
except by referring them to the chemical segregation of the 
elements of granite in the midst of the mica schist itself, due to 
the heated gases and solutions that penetrated it from below ; 
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and they have a direct bearing on any theory of the origin of 
all the granite of the region. 

19961. Gray intermediate rock (hut rather micaceous) re- 
sulting from metamorphism of a clastic rock, similar to 1995 
except in color; from a point further west, and further with- 
in the metamorphic belt, where many true intrusive dikes of 
granite, and others of coarse pegmatyte are seen. 

There are numerous segregations that consist partly of quartz, 
and in other places contain also feldspar, and in the latter case 
having some dark ferruginous mineral in small amount. In 
some cases the feldspar and quartz surround a quartz nodule, 
and sometimes quartz surrounds the mixed segregation. They 
must necessarily have had the same (chemical?) origin. 

There are large areas, as already noted, in which the whole 
rock seems to have feldspar generated in it. Itis then still gray 
and schistose, but coarser and granular and weathers red. _ 

'’ The segregations here are sometimes oval, and roundish, 
making conspicuous white spots in contrast with the color of 
the mica schist in general. 

In traveling over some of the low, rocky hills about here, 
many interesting transitions are observed : 

1. There is a hardening and crystalizing of all the rock; 
and it could all be called gneiss, but it is gray except on weath- 
ered surfaces, which become red, and on the segregated parts 
that are of granite. 

2. In one large vein which ascends a bluff twenty feet high 
in a zigzag course in the schist, is a white, coarse feldspar, viz. 

1997. Pegmatyte, with red and white feldspar* and quartz, 
all very coarse. 

Passing to the next bay, one side of which is colored on our 
Vermilion lake map (in the 15th annual report) as schist, and 
the other granite, along this bay on the north side, NE™%4 sec. 
22,63-17, about fourrods west of the N-Ssection line, between 
secs. 22 and 23, is a knob at the lake shore, which has a dark 
gneiss in the upper part, dipping north, evidently a more crys- 
talline aspect of the schist, represented by 

1998. Dark gneiss, a condition of the mica schist. NE% sec. 


22, 63-17. 

*In a basal section this white feldspar shows fine, long twinning striations on the 
albite plan, alternating with broad ones. Extinction on the broad bands is 2 degrees, 
which indicates oligoclase or andesine. Applying the law of Schuster this extinction 
is found to liein the large angle and is therefore positive, and the feldspar is hence 
oligoclase, for andesine in such a section has negative extinction. 
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1999. Light-colored gneiss underlying 1998; dense, fine- 
grained, siliceous, varying from white to gray. Its structure is 
rudely conformable with that of thedark gneiss which overlies. 
It has some inclusions of dark schist or gneiss, and these are 


“sometimes in the form of long laminations, agreeing in direc- 


tion with those of the dark gneiss. Thisagreement isinvariable 
but the parts or ‘‘inclusions’’ are sometimes not very long. 
When the dark parts are wanting there is still an internal 
gneissic variation which is apparent on the weathered surfaces. 
In this lighter gneiss the segregated pegmatyte is abundant, 


_and is uniformly of coarse grain. Thereare parts in this lighter 


gneiss—not inclusions—that are as dark as some of the dark 
bands in the dark gneiss, but the general toneisas nearly white 
as the white granitic bands in the schist or in the dark gneiss. 
These tworocksclosely approach granite, but they are evidently 
only conditions of the same rock mass as in other places furth- 
er east where it is plainly a mica schist. Throughout both the 
dark and the light gneiss is evidence of great pressure and dy- 
namic metamorphism. The structure in both is much curved, 
and often faulted. Long sweeps of these curves maintain a 
parallelisin between the light and the dark gneiss. It is appar- 
ent that the original formation differed in acidity in parallel 
belts, and gave rise, on complete crystallization, in some belts 
to a lighter colored rock than in others, although the struct- 
ure is frequently broken, and the light colored rock in some 
such conditions passes across thestructure of the darker gneiss, 
introducing what might be called an irruptive contact. There 
are also faults, where the movement was a transverse thrust, 
while it must be admitted that, in this nearness to the central 
point of greatest activity, a certain degree of plasticity per- 
vaded the whole. This plasticity, in the presence of such pres- 
sure and such intense chemical action, probably accounts for 
all the appearances of non-conformity and of intrusive rela- 
tions, the one on the other, which these two gneisses exhibit. 
If, on the other hand, one were disposed to ignore the gen- 
eral ensemble, and the associated phenomena indicating a 
derivation from clastic strata, such as already mentioned, and 
should accept the occasional minor irregularities of the plane 
of separation between these rocks as proofs of the ‘‘igneous”’ 
origin of one or the other, he could be easily convinced that the 
lower, or light, gneiss is intrusive and igneous, and that the 
over-lying gneiss was the original clastic, intruded by the light 
gneiss. The relations would be such as have been fully dits- 
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cussed by Dr. A. C. Lawson, and illustrated by him in the 
Rainy lake region, where it is plain that a granite in great 
areas, of later date than the schists, both swells up under the 
schists and pierces them in the form of dikes. Butit is more 
reasonable to consider the inclusions, indistinct as they are, as 
mainly conformable remnants of the original schists, they are 
so long and thin and coincident in dip and direction. If they — 
be real inclusions from the upper gneiss, it is still not incom- 
patible with the supposed original clastic nature of bothrocks, 
that under such movements as they both have incontestably 
been through, when plastic, or even quite mobile, parts of one 
should be mingled with the other. As to the difference of min- 
eralogical composition, that is what is to be expected from a 
continuation of the process which beyan in the schists, them- 
selves of varying acidity, where many segregations of granite, 
and a general conversion to gneiss have already been noted. 
That one part of the schists; when not much moved from its 
birth-place, should display after crystallization, or even after a 
period of plasticity, a greater acidity, as here indicated by the 
lighter color, than another immediately adjacent, is what is to 
be expected as almost inevitable if the schist was originally of 
fragmental origin,and such variations in the mica schist of the 
northwestern part of Vermilion lake are very common. 

Ata point further west, along the north shore of this bay, 
the schists are tilted higher and more gneissic. Here, however, 
is a quantity of more basic rock which existed in theschists be- 
fore the general granitic upheaval, which is now permeated 
with acid veins and ‘‘dikes.’’ The gneiss here is reddish, with 
some darker inter-laminations. The strike of the structure 
from here, if no irregularity supervene, would carry this rock 
below the light gneiss of 1999, but the intervalis hid. This is 
apparently the last exposure of rock on the north shore of this 
bay, and isjust at the east of a little creek which enters the 
bay from the north. 

On the other side of the bay and westward are outcrops and 
knobs only of light colored, massive granite, evidently crystal- 
lized froma molten condition.* From the nature of the pegma- 
tyte veins in the schists of the region, it may be inferred that 
this granite will show in thin section the two feldspars or- 
thoclase and oligoclase in predominating amounts. 

‘The reader may consult, for a preliminary statement of some of the phenomena 


above mentioned, a paper by the writer in the American Geologist for July, 1897, Vol. 
XX. pp. 41-48. 
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2000. A dike of a much more recent diabase, 8 in. wide cuts 
ARDS | 


the granite, running W NW, on the point SE\, sec. 23, T. 63- 
18, six miles west of the foregoing observations. 


A re-examination was also made of the relations between 
the mica schist, the gneiss and the granite in secs. 13 and 14, 
T. 63-18, where some interesting observations were reported 
in the 15th annual report (pp. 295 and 296), made in 1886. 
Those descriptions record a conformable transition from mica 
schist through gneiss to granite. But in the late review, while 
on one side was found a granite which becomes gneissic, and 
on the other a mica schist which changes slowly to a gneiss, 
there was also found a line of separation between these two 
general divisions, which could be traced plainly along the bluff, 
diverging slowly from the lake shore toward the west. The 
general situation is illustrated by the following sketch, fig. 1. 


Sche sto se gneiss and gran A 
toapl+ 
/3) 


FIGURE 1. RELATION OF GRANITE AND GRANITE-GNEISS ON GNEISS AND MICA SCHIST. 

(1) is a confused gneiss, with considerable greenish, schistose 
rock, apparently hornblendic, with a general elongation coin- 
cident with the structure of the country. As gneiss it is red- 
dish, with marked micaceous inter-laminations, and is strongly 
feldspathic. It is evidently a part of the gneiss-mica-schist 
formation of the region. The contact line is seen to cut off 
obliquely the gneissic structure at a point near the western ex- 
tension, but not so generally as the sketch shows. 

(2) isa reddish and gray granite, less interrupted by mica 
schist, and less evidently a rock formed from the schists in situ. 

(3). The area represented by (3) iscompound of a schistose- 
gneiss, very firm, running in the same direction as (1) and (2), 
and its relation to (2) is not ascertainable, but as it differs but 
little from (2), at least some parts of (2), it is reasonable to in- 
fer that it is a condition of (2). It also has more massive 
granitic rock in non-conformable contact along the southern 
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side. The Jake shore is high and precipitous at (1) and east- 
ward and westward from there, rising abruptly from 40 to 50 


feet. At (3) the rock rises abruptly to about 100 feet above 
the water. 


- 


No. (2), and also probably No. (3), nave been nearly or quite 
molten, although they have a great resemblance, in mineralogic 
composition, to No. (1); and exhibit an “igneous” contact, 
i.e. a non-formable plane of union with No. (1). No. (1) on 
the other hand, seems to have taken on a crystalline structure 
in situ. It is highly probable that Nos. (1), (2) and (3) are 
essentially the same rock, and an analysis would not show a 
marked difference of composition, the igneous contact plane 
being the result of deep-seated movements when the whole was 
more or less plastic, No. (1) having maintained its original 
position more nearly than No. (2). The greater the displace- 
ment of the molten parts from their original positions, the 
greater the probability of contrasting chemical compositions. 
There is a segregation of pegmatitic veins in No. (1) as well as 
No. (2), some of these deposits being in isolated masses. 

Where the small later diabase dike runs down toward the 
lake the granite and gneiss seem to blend. Well within the 
granite mass are remaining some bands of micaceous rock, and 
an evident gneissic structure pervades quite an area. It is true 
that this gneissic rock is cut off along one side by non-gneissic, 
but upwardly it passes gradually, so far as can be determined, 
into a rock that cannot be distinguished from the truly igneous 
rock. Indeed, here can be seen, on close inspection, the same 
gneissic structure pervading the granite as already noted at 
secs. 23 and 22 in T. 63-17, and the phenomena ona smaller 
scale are substantially all repeated here. 

2001. From the central part of the later diabase dike, above 
mentioned. 

2002. The same near the contact; the contact side of the 
specimen is shown by a yellowish film. : 

2003. Granite, from the eruptive facies, as above, but some- 
what schistose. . 

Two otherrecent diabase dikes were noted crossing this gran- 
itic rock at this place, one 15 feet wide and the other 10 feet. 
These also run in a N NE direction, and sometimes include 
masses of granite from the country rock. They are cross-col- 
umnar, and finer at the contact sides, facts which indicate that 
the granite was cold when they entered it. They may date 
from the Keweenawan. 
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2004. Diabase from a dike 15 feet wide. On passing west- 
ward from the above to the point marked (3) in fig. 1, there can 
be seen, as at (1) and (2), amassive granite underlying a gneiss 
and mica schist, with irregularities of contact, the granite ris- 
ing to the summit of the hill. Along the crest of the hill the 
line of contact is abrupt and distinct. 


Still farther west the granite runs inland toward the west 
and the schist is in contact with the lake. This granitic mass 
has all the features of an intrusive rock, and as such it would 
not be suspected of having any genetic relation with the 
schists. 

So far as seen along section 14, 63-18, the intrusive contacts 
of the granite on the gneiss prevail, the gneissic structure be- 
ing cut off by sudden transition to non-gneissic, the separa- 
tion line being tolerably straight and running about east and 
west. Thereis, however, within the supposed eruptive rock, 
and not at the contact, a gneissic structure, and even bands of 
mica schist, probably remnants of the original schist. This re- | 
sembles closely the remnants of the schistose structure, seen in 
the yneiss of sec. 22, T. 63-17. Still there is a long distance, 
especially west of the bay at (3), where the contact between 
massive rock and schists is distinct and the transition 
abrupt like an igneous contact. This is visible along the tops 
of the hills and descends at one point toward the lake. 

2005. Gray gneiss, NE sec. 13, 63-18, on the hill nearly 
opposite the two small islands, 75 feet above the water of the 
lake. 

At this place there is a great amount of gray, micaceous 
gneiss, confused by many infiltrations of granite and by inter- 
laminations of quartz and feldspathic veins. Some of the seg- 
regated parts are hornblendic. Occasionally large dark spots 
or strata are seen. These are porphyritic with hornblende. 
Some of these appear like inclusions of basic rock which origin- 
ally was a part of the mica-schist formation, but some are 
more likesegregations in situ, since it occasionally happens that 
a hornblendic periphery surrounds a segregated quartz nodule, 
the two evidently being due to the same force, viz., chemical re- 
generation. Hornhlende seems also to be not uncommon else- 
where in this gneiss. 

The whole rock shows many short crumplings and fractures 
Sometimes a layer or veinof light-colored material is bent back 
and forth upon itself in the midst of the darker rock, and its 
serpentine outline is distinct on the weathered surface. It is 
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sometimes difficult, even impossible, to decide to what cause, 
and to what epoch in the dynamical history of the rock such 
serpentine banding can be assigned, especially since the present 
schistose structure is in entire non-agreement with it? 

2006. Dark hornblendic rock, as above, associated with 
2005. 

This gray gneiss apparently is a portion of the mica-schist 
formation, and althoughitis very likesome parts of the Archean 
which have been pronounced of igneous origin, and was so 
considered by the writer in 1886 on the occasion of the first 
visit here, it is probable that the rock as a whole has not been 
molten so as to flow freely, but only plastic, and for that rea- 
son its original structures and its heterogeneity have not been 
destroyed entirely. It is not granite, and its gneissic structure 
cannot be considered a secondary structure produced in granite 
or in any other eruptive rock. It shows a repetition of the 
characters of the gneissic rock described already on sec. 22, T. 
63-17. 

2007. Froma narrow dike of granite (2-4 inches) cutting 
this gray gneiss, NE14, sec. 13, 63-18. 

2008. Coarse hornblendic rock, apparently after pyroxene; 
from boulders, some of which are very large. 

Passing along this coast westward one can see the transition 
mentioned in the 15th revort. It is from mica schist to gneiss 
(a gray gneiss), but it is not carried distinctly to. granite. But 
the granite as granite, seen here, always makes an igneous and 
abrupt contact on this gneiss. There are, however, places 
where great confusion prevails, and the granite approaches 
gneiss in character, and at the same time some dikes from the 
granite enter the schist, and schist, or gneiss, is included in the 
granite. About the same place large knobs of granite, appar- 
ently segregations, are developed in the schist. 

2009 represents such granite. 

When, near the same place, the true irruptive granite is per- 
meated by pegmatitic granite, the transition is so general and 
so indistinct, that the writer described it as a passage from the 
mica schist to granite, through gneiss. The transition, how- 
ever, so far as revealed here, is only to a gray gneiss. The next 
step is an unconformable contact on a massive granite, and 
such contact can be traced along for some distance, the twe 
rocks only differing, so far as can be seen, in their structures. 
It is not possible, therefore, notwithstanding some confusion 
and local blending, to affirm here a graduation from mica 
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schist to granite, however reasonable and even probable it 
may be from a theoretical standpoint. Indeed, such transi- 
tion, from the nature of the case, must be very rare, since, once 
fused and rendered mobile, the softened portion of the mass 
would at once shift its place under the pressures of the crust, 
and would form abrupt contacts on the firmer portions. 

There is hence lacking an observation on a continued transi- 
tion from the mica schist to the granite, uniting the two 
gneisses, viz.: 

(a). That gneiss which is native to the mica schists, and 

(b). That which is in the granite. 

If (b) be a result of contacting on the schists, or a develop- 
ment from shearing, it is a secondary structure, and no such 
transition can be expected to be found. If it be an original 
condition in the granite, due to a remnant of the sedimentary 
structure, and really preceded the massive condition, being lost 
in general by fusion and flowage, such transition ought to 
exist in some places and may be found. There is no difficulty 
in uniting, in places, the mica schist with gneiss in conformable 
gradation, nor is there any difficulty, in other places, in trac- 
ing a gneiss into a granite and back again. The difficulty con- 
sists in showing that these two gneissic rocks are the same in 
origin. All the surroundings, whether structural or mineral- 
ogical, point theoretically to such identity, and it is but fol- 
lowing the guide of such indications to assume it actually ex- 
ists. It is only because of the time-worn notion that an 
igneous rock is necessarily of deep seated source, that a con- 
servative regard for tradition demands actual demonstrations 
before such notion can he effectively set aside. 


The Conglomerate of Stuntz Island. 


It was for the purpose of reviewing the theory lately ad- 
vanced by Smyth and Finlay as to the nature of this rock and 
its origin®* that a short re-examination was made of some of 
the phenomena on the south shore of Vermilion lake. It was 
found that there are serious and far-reaching errors in the ob- 
servations no less than in the conclusions of these geologists, 
which wholly vitiate and negative the theory put forth by them 
as to the origin of this rock and as to the structure of the region. 

Without here entering into a thorough examination of their 
paper, nor into an exhaustive presentation of the facts per- 
taining to this horizon, and especially to this part of this con- 


*Trans. Am. Inst. Min. Eng., Oct. 1895. 


12 TWENTY-FOURTH ANNUAL REPORT 


glomerate, the following will mention a few facts wholly in- 
consistent with the brecciation idea of these authors. The 
examination began on the small island off the coast at the east 
side of sec. 20, 62-15. . 

(1). Two pebbles in immediate contact show the following 
difference : 

2010. Very fine and siliceous quartz porphyry. 

2011. Granvlar and coarse rock, either more crystalline or’ 
more coarsely fragmental. To fully distinguish these a micro- 
scopical examination would be of use. 

(2). The conglomerate embraces jaspilyte pieces, and frag- 
ments of graywacke. One large graywacke piece is near the 
water on the southeastern side of the island. 

2012. Quartz porphyry from the extremity of the point 
nearest the island. Itis a very different rock from 2011 and 
2010, and being not far separated from the place of origin of 
those, itis hard to suppose a rock originally massive and homog- 
eneous, as supposed by Smyth and Finlay, could vary so much 
in so short a distance. 

On the point, in sec. 20, the bulk of the rock is like 2012, but 
a little further west it is more pebbly, and shows the contrasts 
presented by 

2013, coarse grained, and 

2014, fine grained, 

Which were taken from contacting pebbles, one about fifteen 
inches in longer diameter and the other about ten inches. There 
are many pebbles thus contrasted on thissurface, many of them 
two inches and four inches in diameter, rounded and perfectly 
distinct. How could a quartz porphyry change its character 
thus? 

(3). Further south, on this point, on a broad dome of the 
slates, can be seen a conglomeratic band about one foot wide, 
crossing the slates (the slates are more like graywackes here) 
the pebbles in which are like the quartz porphyry of the point’s 
extremity. This band is not a dyke, but it has indistinct boun- 
daries, and really fades out into the adjoining graywackes. It 
runs straight, the rocks here not showing any crumbling. It 
is evidently a clastic, and conformable witti the slates. 

2015. Chips from pebbles in this band. 

2016. Pieces of the graywacke from the adjacent country, 
not in contact. These may be compared not only with the 
pebbles of the conglomerate band, but with pebbles 2013. 
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2017. Pebbles from the supposed sheared quartz porphyry 
—larger one—differing from the next. 

2018. Pebbles from the same place as 2017, on the same 
point. 

2018%. Large slab from the beach, showing a large variety 
of pebbles. 

In the same place are many pebbles of jaspilyte, all nearly 
white. All the pebbles here are well rounded, and small, 
averaging about 1% inch but rising also to 6 inches. This is 
near the lake on the east side of the point, not far from the 
head of the small bay. It is perhaps 30 ft. distant from the 
nearest known jaspilyte. Could such rounding of a multitude 
of jaspilyte pebbles be attributed to contact and shearing inan 
adjoining massive quartz porphyry? The jasper pebbles are 
more angular than the quartz porphyry-pebbles, and occasion- 
ally one is quite angular, standing in the rock transverse to the 
prevalent structure. 

2019. Near the lake on the east side; pebbles in contact, 
showing remarkable differences; one lot (a) are coarse and 
specked by white feldspar in a greenish matrix, and another 
(b) are very fine-grained. 

(4). Thereisa sedimentary succession in the conglomerate, 

_ becoming finer at increasing distance from the rock on which 
it lies unconformably. The rocky strata dip south, away from 
the outcropping jaspilyte. This section is visible along the 
shore on the east side of the same little bay which indents the 
point on sec. 20, 62-15. 

The actual contact of the basal conglomerate on the jaspilyte 
was invisible through an interval of about ten feet. Toward 
the contact with the jaspilyte the jaspilyte pebbles increase in 
amount until they make four-fifths, or even in some places 
nine-tenths of the conglomerate mass. They are distributed 

-through a horizontal thickness of at least 100 feet (33 paces), 
in the conglomerate, and the ‘‘quartz porphyry’’is as a matrix 
holding them. This gradation from very abundant to less 
abundant indicates strongly that the jaspilyte pebbles have 
their source from the jaspilyte bosses, either in the manner of a 
conglomeratic accumulation or by reason of igneous intrusion 
and abrasion. Messrs. Smyth and Finlay favor the igneous 
abrasion theory, but the chief difficulty, at this point, is the 
great superabundance of the jaspilyte over the other pebbles, 
and the great thickness of conglomerate through which this 
superabundance extends. How could one-tenth, or even one- 
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fourth, tear off and surround and transport the nine-tenths, or 
the remaining three-fourths, so as to make a rock of such pro- 
portions composed of such fragments ? 

In regular succession, southward from this basal eonglomer- 
ate, and overlying it, is the following ascending sedimentary 
series. 

2020. Quartzyte, quite fine-grained. It is coarser toward 
the south, and its finer parts appear as sheets adhering on the 
southerly slope of the conglomerate. 

2021. The same quartzyte at 10 feet from the conglomerate. 
Nos. 2020 and 2021 are together about 20 feet thick. 

2022. Contains some pieces or pebbles from a quartz por- 
phyry, or a rock resembling it, which weather white, in con- 
trast with the rest of the rock, which is green. It is slightly 
fibrous, and were it not for its position and composition, it 
might be likened to an old greenstone dike, sheared, like those 
cutting Stuntz island. It is about 2 ft. thick. It shades into 
rock 2023 which is similar, but darker, and has pyrite crystals, 
and which is argillitic, 10 ft. thick. . Above this is rock 2024, a 
harsh quartzyte with small pieces of what appears to be sil- 
iceous black slate, in general much like the quartzyte (2021) 
which lies on the conglomerate. After an exposed thickness of 
perhaps 40 feet this rock dips below the swamp toward the 
south and the section ceases. 

This observed section, with conspicuous stratigraphic alter- 
nations, cannot-be explained on the brecciation theory, and is 
referable to sedimentary action. 

Beyond No. 2024, across a narrow swamp, rises the main 
(E-W) topographic axis of this point, and if there be no irreg- 
ularity the great graywacke series at that place overlies No; 
2024. This takes in argillytes and slates. Beyond that, still 
further south, are low jaspilyte ridges, and after one or two 

ralleys the ‘‘north ridge”’ rises to view. e 

The map of Smyth and Finlay, of this point, might be cor- 
rected by extending the jaspilyte widely over the areas left 
white. It is apparent that the jaspilyte isin outcrop all about 
the western part of the conglomerate, running below the con- 
glomerate. 

Across the little bay, still onsec. 20, where Smyth and Finlay 
mention “granite porphyry,” is an alternating series of gray- 
wackes and fine gray wackes, or slates, dipping NE at an angle 
of about 30°. This alternation and dip are seen in the face of 
a vertical cliff looking west, about twelverods from the extrem- 
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ity of the point. The NE dip is accompanied by small sinuos- 
ities and anticlinals whose axes run NE. Some of the beds are 
two feet or more in thickness, but the slaty beds are irregular 
in their alternation, and owing tointermittancesin deposition, 
or to folding and squeezing, they are not entirely uniform in 
thickness. But that they illustrate the sedimentation of the 
rock series seems necessary to admit. 

The curious supposition of Messrs. Smyth and Finlay that at 
this place laccoliths of ‘‘quartz-porphyry”’ cut off the bedding 
of the older formation seems not to apply. Whatever ‘‘quartz- 
porphyry” there may have been seen here is probably of the na- 
ture of a fragmental graywacke deposited non-conformably on 
large masses of the older fragmentals. After glaciation not 
only do the sedimentary alternations appear on the glaciated 
knob, but the non-conformable contacts are evident. There 
may have been also a large amount of fracturing and faulting, 
followed by compression, and that, even without a non-con- 
formity of sedimentation, would account for the irregularity 
in the stratification. These grayvwackes are probably the same 
as those forming the main ridge on the point further south- 
west. 

2025. Shows the manner of contact of the black slate and 
gravwacke at this place, where there are numerous alterna- 
tions, the width varying from two inches to one foot. The 
bands here run east and west. This is a little southwest from 
the cliff mentioned. 

On Stuntz island, at the east end, the coarsest parts are to- 
ward the south, and if that indicates the direction of source of 
the materials they must have come from the direction of the 
mines. The same is true of the point next west of Stuntz 
island. The southwest end of the island, however, is of slate, 


ete. 
2026. Fine-grained pebble from the conglomerate on Stuntz 


island. 

2027. Coarse-grained pebble, lving in contact with the last. 

There are a great many instances of pebbles in contact in the 
rock, both of quartz and porphyry, but of contrasting lithol- 
ogy. 

On Stuntzisland there are large areas where the rock is coarse, 
like a coarse graywack, but only sparsely sprinkled with peb- 
bles. Why should such a structure be formed if the rock re- 
sulted from shearing: of a quartz porphyry? How could the 
rock en masse be sheared to a granular rock, according to the 
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theory proposed, leaving rounded pebbles differing in grain and 
color from the mass, and also contrasting with each other? If 
the rock be, instead, of thenature of a graywacke accumulation 
such contrasts of kind, and variations of size, are*to be ex- 
pected. : 

2028. Fine-grained siliceous grayvwacke. At the boat land- 
ing at the south side of Stuntz island, the conglomerate is sud- 
denly replaced by a very fine graywacke, appearing it is true, 
outwardly iike a quartz porphyry, which, though sheared, is 
not composed of pebbles. The transition from a rock com- 
posed almost exclusively of pebbles from one inch to three 
inchesin diameter to this fine graywacke, is perfectly abrupt, but 
like a sedimentary transition. There are almost no visible peb- 
bles in this fine graywacke for a thickness of about 20 feet. 
Then, next further south it is finely granular with pebbles as 
large as peas, through a thickness of about two feet. Then for 
15 ft.it is very fine again with occasionally a pebbly form. 

Then comes a six-inch bed of grit, with a few pebbles reaching 
three-fourths of an inch, but mainly as large as a pin’s head, 
then fine graywacke becoming coarse graywacke, and finally 
conglomerate, 30 feet to the water. In this last coarse grit 
rock are some curious pebbles, unlike any seen before in this 
formation. They cannot be extracted, being very fine-grained 
and rather soft. They are grayish green and olive, weathering 
away so as to give depressions in the surface of tne rock. They 
are in immediate juxtaposition to and contrast with some 
very hard pebbles of quartz porphyry which have perfectly 
rounded outlines and stand out above the weathering surface, - 
owing to their greater endurance. Whence this contrast if the 
rock comes from the brecciation of a homogeneous quartz-por- 
phyry? Therock containing these contrasting pebbles is a 
coarse gritty graywacke, with only scattering pebbles, none of 
which are like itself. 

2029. Shows one of these soft pebbles weathered out on the 
surface and depressed below the siliceous grit in which it lies. 

We visited two islands north of Stuntz island, and then Ely 
island, and went to the top of the last and walked along on 
the crest westward about halfa mile. Init all we found only 
the conglomerate and its variations to coarse graywacke, ex- 
cept that at about north from the island in SE%4, NE%, sec. 20, 
we noted a very fine-grained condition of the graywacke, ap- 
proaching slate, respresented by 
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2030, a fine-grained graywacke or slate which stands in 
coarse sheets directly at the shore, the structure running E and 
W-—same direction as that of the conglomerate. There is a 
suggestion of a bedded structure, coincident with the coarse 
slates. 

From this review we* came unanimously to the conclusion 
that this rock cannot result from the shearing of a quartz por- 
phyry eruptive. It was a conglomerate before the shearing 
took place, and in some places it is passing to a coarse sericitic 
schist, pebbles and all, by reason of that shearing. 

Without attempting here to arrange the evidence it may be 
said that the main considerations are involved in the section 
presented on a former page. In the main there were but two 
kinds of rock supplied, quartz-porphyry and jaspilyte, and they 
must have come from the near vicinity. There were probably 
dikes of quartz porphyry that cut the older formation, and it 
is probable that Messrs. Smyth and Finlay have described such 
in some places, particularly in the region lying east of Stuntz 
island—the “‘burnt forties,’ a spot which we did not examine. 
Besides the sedimentary structure and the fragmental nature 
of all the formation, the immediate contact of phases of quartz- 
porphyry in the form of pebbles which are quite unlike, seems 
to be fatal to the hypothesis of Messrs. Smyth and Finlay. 

A short re-examination was also made of the outcrop of 
rock on Hoodoo point, not far north of the boat house. . This 
is near where the survey camp was located for nearly a month 
in 1886. This rock is noted by Smyth and Finlay as a con- 
glomeratic condition of graywacke—as coarse sediments as 
they found, in which designation there was concordance by all 
our party. The occasional coarser pebbles, distributed through 
the rock, are, however, a feature not uncommon in the gray- 
wacke of the region, and it is difficult to understand why there 
should be a different orig 3° assigned to this rock. 


The Contact of the Saganaga Granite on the Ogishke 
Conglomerate. 


Our party then started, by the usual canoe route, to make 
an examination of the Saganaga granite and of its relation to 
the conglomerate with which it isin contact. This was at the 
instance of Dr. Grant who was not satisfied with the descrip- 
tions that had been made, whether by others or by himself. 

The rock at the narrows of Knife lake, Sec. 14, T. 65-7, is 


*With the writer were Messrs. Grant, Elftman and Bain. 
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the same that has been noted widely about Knife lake by the 
parties of the survey, and prevails westward from the narrows, 
especiaily along the west side of the lake. It is a flinty rock 
that weathers to a light color, and is represented by rock No. 
1107 obtained in 1886 at the portage landing coming from 
Doughnut lake, and from Kekequabic lake. It is apparently 
like some flint that appears in the slates of the Animikie on 
Gunflint lake, although the formation here is supposed to be 
the Keewatin (Upper Keewatin). It is perhaps like some flint 
that Arch. Geikie describes in the Lower Cambrian at St. 
David's and ascribes to tuffaceous origin. It here has a close 
connection with the greenish schist seen on the portage trail 
north from Kekequabic lake and on the north shores of that 
lake which have been shown by Grant to be of tuffaceous char- 
acter and origin. It seems to be in keeping with all that we 
know of this rock and its stratigraphic relations tocallit tuffa- 
ceous in its origin, and to leave it in the Keewatin. It varies 
to a sort of slate, and has a sedimentary structure. 

203012. Green, coarse graywacke, constituting the ridge 
over which the trail passes from Otter Track lake to Oak lake, 
and preventing Hunter’s ‘‘island”’ from being in fact an island. 
It is apparantly only a variation of the rock that forms the 
shores of Knife and Otter Track lakes, and yet it is not the 
same as much of the graywack seen about Tower. Its green 
color indicates the presence of much material of eruptive and 
diabasic character, but the rock also shows numerous sub- 
rounded grains of quartz as large as pinheads. The rock might 
be designated greenwacke, to distinguish it from the more 
siliceous of thegraywackes. It is apparently a rock that would 
also fall into Wadsworth’s group of porodyte. 

2031. Coarser-grained portion. 

2032. Finer-grained portion. 

The above rocks are from Oak portage, NE 4, sec. 24, 66-6. 
Ordinarily one would take therock at this portage for granite, 
ana it has been so classed by all geologists who have noted it.* 
It is light-colored and granular, bvt varies,in a coarse and not 
very evident alternation, from coarse to fine. It is greenish 
gray and gray, the green color prevailing in the fine parts. The 
strike of the structure which may be due to sedimentation is 


*A, Winchell noted the fragmental character of the rock at Oak portage. Ile failed 


however, to make distinction between it and the massive granite of the region, and 
supposed the latter was a hardened condition of the former, Sixteenth annual report 
pp. 213, 214. The fragmental quartzes of the recomposed granite he confounded with 


the original quartzes of the massive granite. 
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about W NW, in harmony with the structure which is seen on 
the south shore of Oak lake. In some places a thin, even slaty 
structure is evinced in the fine-grained parts; and on making 
search farther north about two rods there is an appearance of 
fragments of the fine in the coarse. 

2033 represents the rock thus included in the granite (?). 

2034. At 15 rods east of Oak portage, cn the Canadian side 
of Saganaga lake, a light-colored, feldspathic rock with 
quartzes, perhaps fragmental, butitcan hardly be distinguished 
from a massive crystalline granite. It lacks, however, the 
dark elements of granite, and is not fresh and sharp. It shows 
pyrites and muscovite. 


water ime’ 


Fic.2. WAVE MARKS IN RECOMPOSED GRANITE NEAR OAK PORTAGE, SAGANAGA LAKE. 

At a point about 20 rods east of Oak portage, on the Can- 
adian side of Saganaga lake, is a curiously marked surface of 
this supposed ‘‘granite,”’ a structure which is quite unlike any 
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ever seen in any granite in the state, and apparently inconsist- 
ent with the presumed massive nature of this rock. It is visi- 
ble at the water. It is apparently ripple-marked ; this curious 
surface, sloping under the water, is about 4 ft.x10 ft., and is 
represented by Fig. 2. 

The ripple-marked surface (b) runs under a thin scale or | 
sheet (a), about 2 inches thick composed of a breccia or breccia- 
conglomerate, the coarser pieces being angular and embraced in. 
a finer debris. 

2035 represents the finer debris of this layer, evidently a 
granitic debris. | 

2036 represents one of the hard pebbles (more rounded than 
usual) also embraced in layer (a), and some angular pieces. 

The supposed ripple-marked layer itself is a mere scale, and 
separates from the rest of the rock. Indeed its ripple-marked 
character is not preserved over the surface (c), but a shaly 
thin-sheeted rock there takes its place. The rock immediately 
below these thin scales, and that also above the conglomerate 
layer (a) is undistinguishable from the rock of the country. 


2037. Rock below the supposed ripple-marks. 

That which is above the conglomerate only appears under 
water, but the superposition is evident, the water being clear 
and quiet. 

The surface bearing this marking slopes ESE. The ripples 
are about two inches across. 

2038. Coarse debris of granite, shore of Oak lake, Can- 
adian side of the portage, at about 200 paces from the portage. 
This is in the midst of the rock called ‘tgranite’’ in this region. 

It is apparent, from the foregoing facts, that there is a great 
thickness of ‘‘recomposed”’ granite in this region. The rounded 
quartz pebbles are sometimes three-quarters of an inch across, 
and their exterior is coated with a finer debris more or less 
stained by iron oxide. 

2039. Same as the last, but farther east and coarser, and 
more quartz-ose: at one-fourth mile east of the portage. 


2040. From contact layer underlying 2038. 

2041. A finer condition found near the place of 2038. 

It seems to be a proved fact that this rock hereis fragmental, 
and has aremarkable thickness for rock of that origin. It re- 
mains to find its relation to the true eruptive granite, on one 
side, and to the Archean greenstone and agglomerate, and the 
slates associated, on the other. All thesigns, that can be found, 
of bedding, make this rock dip 80° SSW, but that is not in ac- 
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cord with the slope of the ripple-marked surface which is ona 
mass certainly in situ,as the same rock mass extends under the 
lake some distance. 

2042. Rounded pebbles picked from this rock at the same 
place as 2039 and 2040. 

From the portage landing on Saganaga lake (as above), 
passing to the United States side of the little bay in sec. 24, we 
found a grayish rock, which, were it somewhat coarser and 
gray in color, would be a graywacke of not uncommon char- 
acter. This is inter-bedded, or at least is overlain on the upper 
side, conformably by a gray, fine-grained rock which differs 
not, apparently, from the rock 2021 which overlies the Stuntz 
conglomerate at Vermilion lake. It is noticeable also that 
this rock weathers peculiarly. Besides being more ready to 
rot and to disintegrate than granite, its own color (light 
greenish-gray), within is first deeply changed to a light vellow- 
ish gray, and at the very surface it is often brown with iron 
rust to the depth of half aninch. This fine-grained rock, which 
is in contact conformably with this reeomposed granite, is a 
hard siliceous rock which extends north and south for some 
distance. There is a similar rock in conspicuous outcrop on 
. Oak lake, in the direction-in which this extends. 

2043. Atashort distance further south, SE% sec. 24, 66-6, 
at a point a little north of the entrance of the stream from the 
south, is an interesting inter-stratification of this recomposed 
granite with a fine, hard, purple slate, the latter represented by 
2043. The ‘‘granite,’’ in beds varying from 15 feet downward, 
is interstratified in the slates in true sedimentary fashion. If 
it were to be metamorphosed it would present the characters 
of many outcrops of the mica schists and gneissic mica schists 
which are to be seen about the northern confines of Vermilion 
lake,in which it has been presumed by some geologists that in- 
trusive granite has entered between the original bedding planes 
of the schist. This observation seems to settle one of the ques- 
tions that remained to answer. 

We now cross this peninsula eastward, or northeastward, 
perpendicular to the strike, with a view to ascertaining the ex- 
tent of this reeomposed granite or graywacke, by coming upon 
the underlying formation. 

2044. NEW4, SW%, sec. 19, 66-5. Here is a ridge of Sagan- 
aga granite, represented by the rock of this number, in two 
phases. This differs from the recomposed granite in the pos- 
session of some of the dark minerals, hornblende, etc., which 
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seem to have been lost in the process of disintegration and re- 
consolidation, and do not appear in the reeomposed rock. In— 
this original granite they are much decayed and turned to 
chlorite, but still it is plain that this rock is in its original 
structural condition. The contact of this on the reeomposed 
rock is hard to find, owing to the covering of bushes and 
debris. The large quartzes of the original granite have gone 
into the other as clastic grains. 

In returning to the shore we succeeded in tracing these two 
rocks into near contact, the interval unseen being 10 feet. The 
distinction between them is the presence or absence of the 
green mineral. 

2045. At another point, seen only by Mr. Elftman, the rock 
below the fragmental series is represented by this number, 
which seems to show the ferro-magnesian mineral altered uni- 
formly to a straw-yellow, somewhat resembling clinochlore. 

It seems, therefore, that the recomposed granite grades al- 
most insensibly into the original. It must be, therefore, that 
the original rock suffered profound decay, and that much of 
the decayed rock was not removed from its place. The abra- 
sion and the transportation must at first have been very gen- 
tle. This decayed part of the original granite was gently cov- 
ered by other debris of the same granite, and on consolidation 
the line of separation between them is hard to find. 

The other side of this bay is occupied by graywacke and 
slates beautifully planed off showing the strike and dip as al- 
ready noted. 

2046. Fluor granite, from Fluor island in Saganaga lake, 
near the center of sec. 14, T. 66-5, on the east side of the island, 
and south of the large quartz vein. Blue fluorite is dissemin- 
ated more or less in most of the granite, which is red, some of 
the cubes being half an inch in dimension. The cubic form does | 
not, however, generally appear. 

Following the lead of Grant we come to NW% SE\ sec. 7, 
T. 65-5, where he described the contact of the conglomerateand 
the Saganaga granite (or syenite), considering the granite in- 
trusive in the conglomerate (20th report, p. 84). It was be- 
cause of the microscopic characters of the specimen (No. 322) 
collected at Oak portage by the writer in 1878, (9th report, 
p. 85) that it appeared to him that some of the supposed 
“granite” is not granite at all, but a debris from the granite, 
making a sort of arkose. The conglomerate here is plainly the 
Ogishke conglomerate. It contains numerous large boulders 
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of the granite, and these are more and more numerous, even 
touching each other, at the exact contact. 

At the same time that this is the Ogishke, it is also plainly 
the same pebbly re-composed granite seen at Oak portage and 
southward and eastward from there, but rendered green by 
mixture of debris from adjoining greenstone hills. The Ogish- 
ke is therefore later than and non-conformable on both granite 
and greenstone. The granite is, however, later than the green- 
stone since dikes of granite cut the earlier greenstones (20th re- 
port, p. 83). The greenstone (or the Kawishiwin) is therefore 
the oldest rock in this part of the state. 

NW, NE, sec. 17, T. 65-5. On a high greenstone shore 
of West Seagull lake, the greenstone is cut by two systems of 
granite dikes, one of which at least is referable to the Saganaga 
granite. The manner of intrusion is in zigzag, sometimes nar- 
row but occasionally 20 feet wide dikes. The larger, irregular 
bosses, surrounded on all sides by greenstone, seem to closely 
resemble the same features of the granite which intrudes in the 
mica schist in the NW part of Vermilion lake. There are not, 
here, any late diabase dikes, but such exist, cutting the gran- 
ite, about the shores of this lake. The greenstone is of the 
same irregular structure as that seen on the southeast side of 
Gobemichigamog lake, and on Twin mountains. It is some- 
times rudely stratified over small spaces, and has lenticular 
bands or bunches of finer-grained greenstone. It is debris from 
this greenstone which colors the conglomerate of the region 
and which, at Ogishke Muncie lake, has furnished boulder 
masses to the conglomerate. 

2048. Proceeding to Gunflint lake, through Red Rock and 
Saganaga lakes, samples were procured of the chalcedonic 
silica on which was based the paper of H. V. Winchell, ‘‘Geo- 
logical age of the Saganaga syenite,’”’ published in the Amer- 
ican Journal of Science.* 

2049. Also of a vitreous or vein silica at the same place, 
distant about 20 feet from the chalcedonic silica, indicating 
different methods of origin of silica (and perhaps different 
dates), in the same rock. 


2050. Granite in which these two forms of silica are em 
braced. 


*Op. cit. Vol. XLI, May,-1891. 
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The Gabbro and the Sills of the Animikie. 


Some re-examination was made in 1896 of the Animikie in the 
vicinity of Gunflint lake and southeastward for the purpose of 
ascertaining, if possible, the relation ofthe sills to the great gab- 
bro mass which come very near together at Loon lake which 
lies next south of Gunflint lake. It is the published opinion of 
Dr. A. C. Lawson” that the sills areof comparatively late date, 
later than the Keweenawan and perhaps later than the Tren- 
ton. Prof. Irving considered the sills as surface flows contem- 
porary with the Animikie, in accord with the Canadian Geolo- 
gical survey, and with the early reports of the Minnesota Sur- 
vey. At the same time Dr. Lawson put the gabbro in the 
Archean and Irving put it at the bottom of the Keweenawan, | 
later than the Animikie and hence later than the sills of the 
Animikie which he considered cotemporary surface eruptives. 
The writer put the gabbro at one time at or near the base of 
the Animike, owing to the discovery of gabbro sills in the sup- 
posed basal quartzyte of the Animikie, such sills then being 
considered, without exception, so far as their views had been 
published, by all geologists, as of the same character as 
the trap flows of the Keweenawan, which are surface rocks 
cotemporary with the fragmentals with which they are found. 
There was discovered, however, not long afterwards, sufh- 
cient reason to abandon that view and to fix the gabbro at 
a date later than the Animikie but earlier than the bottom 
of the Keweenawan, the bottom of the Keweenawan being 
a sandstone or quartzyte or often a great conglomerate.7+ 
According to that view the gabbro disturbance could be 
taken as the closing event of the Animikie, and with this 
the metamorphic and broken condition of the Animikie, 
and the formation of the ‘‘red-rock,’”’ as at Wauswaugon- 
ing bay and at Duluth, from the fusion of the Animikie strata, 
is in perfect harmony, in all their phenomena, so far as known. 
There is no known instance in Minnesota of ‘‘red-rock”’ later 
than the gabbro disturbance, except in the form of pebbles or 
debris from the Animikie. It would not be impossible, however, 
and perhaps not improbable that the later igneous disturb- 
ances of the Keweenawan operated on the clastics in a similar ~ 
manner and generated the same kind of acid eruptive. The 
only a priori objection to such a hypothesis consists in the 

*Bulletin VILI., of the Minnesota Survey. 


+Crucial points in the geology of the Lake Superior Region. American Geologist: 
Vol. XVI, p. 150. A rational view of the Keweenawan, 


. STATE GEOLOGIST. 25 


proportionately feebler action of the Keweenawan, aud the 
more free escape which the molten basic magmas had to the 
surface. Such free escape precluded the formation of laceoliths 
and sills, or the deep seated accumulation of larger reservoirs 
from which sufficient heat could have been generated to effect 
the fusion of the surrounding clastics. Hence, while it is not 
impossible that some of the ‘‘red-rock”’ of the state may be of 
Keweenawan eruptive age, there is no known instance of it, 
but all the red-rock, so far as examined into sufficiently, can be 
certainly, or at least presumptively, assigned to the date of the 
gabbro and the accompanying surface flows. Such surface 
flows, dating from the gabbro revolution, are hence strati- 
graphically older than the quartzyte and conglomerate that 
constitute the base of the Keweenawan.* 

From the narrows at the outlet of Gunflint lake we passed 
westward to the high hill and to the breccia in SEM, sec. 24, 
65-4, the latter being exposed near the railroad, on the south 
side, and the hill being on the north side. The strata dip 
toward the south, as shown in the figure below. The high hill 


Fic. 3. PORTION OF THE ANIMIKIE, CONTAINING IRON AND INTERLEAVED WITA 
DIABASE SILLS. 


is composed essentially of the iron-bearing member of the Ani- 
mikie, with a sill of curiously porphyritic diabase (with the so- 
called huronite) beneath it. Toward the top, and forming a 
portion of the summit (Elftman), is a breccia of the iron-bear- 
ing beds. The breccia is seen near the railroad track (No. 
1897) at a lower level, and there it is also underlain by unbrec- 
ciated slates, etc. It is from five to six feet thick, and is com- 
posed of Animikie slate and quartzyte, some of the pieces being 
over two feet long. It canbe followed superficially southward 
fifteen rods where it runs under a diabase sill but separated 
from the sill by ten feet of non-brecciated slates. It appears, 
therefore, that it is caused by a horizontal slip in the slates 


*In the final report, vols. IV and V, the gabbro and red-rock eruptives are specially 
designated Cabotian, as they preceded the basal conglomerate of the Keweenawan, 
here referred to. The later basic eruptives are designated Manitou, and the term Ke- 
weenawan is made to include both, as originally defined. 
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themselves. The cement of this breccia is a greenish, fibrous 
matter apparently actinolite largely. According to Mr. Elft- 
man, this breccia occurs near the wagon road about a mile 
and a half west of this point. ' 

This section can be traced easily on the surface to the base 
of the Cross river bluff which is on the south side of the river. 
In the top of this bluff isthe commencement of the ‘‘blackslate”’ 
of the Animikie of Grant, supposed to be immediately above 
the iron-bearing member. Near this river but on the north 
side, south from the exposure of the breccia at the R. R., the 
rock assumes over a wide area, an appearance like the graph- 
itic rock of Pigeon point. It is in the midst of the slates. The 
effect of the trap seems to be to gather carbon in spots. No 
signs of fault, other than the above horizontal slide, can beseen 
in this region. 

2051. The porphyritic structure of these sills is quite spor- 
adic and the crystals are singularly grouped. The samples do 
not show it. Some isolated crystals are four inches long, and 
resemble in size, but not in purity, those found in the diabase 
at Beaver bay* (No. 128). Sometimes finer crystals, about 
one inch or half an inch in average size, are massed together, 
and outside of this mass is a surrounding periphery of still 
finer crystals. Sometimes the finer crystals are gathered in 
great numbers in spots by themselves, making small areas of 
white weathering feldspathic rock which resembles some forms 
of the gabbro. If these bunches of crystals were free from de- 
cay such areas would be exactly like the feldspar rock (or 
anorthosyte) of the gabbro as seen along the shore of lake Su- 
perior or at Beaver bay. Altogether these features make a 
curiously spreckled diabase, some of the spots of grouped crys- 
tals being ten and twelve inches in diameter. Twenty-five 
samples collected. 

This observation as to the character and sporadic distribu- 
tion of these crystals suggests a possible origin of the anortho- 
syte of the region, viz: that the peculiar masses have come 
from a generation of large labradorite crystals, making a 
coarse phase of the diabase, such crystals becoming agglomer- 
ated in spots in large quantities. Such agglomerations would 
float in the general diabase mass, and would be erupted with 
the diabase. Thus the gabbro might be a great development 
of such coarse crystallization where at great depths the physi- 


*Sur un cristal de labrador du gabbro de Minnesota. Bull. Soc. Franc. de mineral- 
ogie, t. 19, pp. 90-92. 1896. 
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cal conditions were favorable for a longer continuation of such 
a generation. Once formed in a tranquil mass of diabase they 
would remain in situ unless the diabase were extruded, and in 
case of movement they would go with the diabase, even if it 
were forced to the surface. These lumps would also appear in 
dikes and in sills. When solidified and lodged the diabase 
might still flow past them, and they might perhaps even act 
then as foreign pieces and be able to chill the diabase which at 
last came to rest alongside of them, producing a finer grain 
and even a basaltic columnar structure perpendicular to their 
exterior. One such occurs in the shore a little west of Split- 
rock point. Itis impossible, however, to apply this theory to 
all the included anorthosyte masses, for they are not all of a 
light color, ana some inclusions are of red rock, and there can 
hardly be a question of the foreign origin and transportation 
of such masses.* 

2052. There is much ferruginous dolomyte in the Animikie, 
in the hill on sec. 24, 65-4. It is gray within and weathers 
rusty. 

2053 represents a structure that is developed in the Animikie 
in connection with the above breccia, consisting of spherical 
concretions from 14g in. to %in. in diameter. Compare 1374. 


2054. Of the same rock mass as 2051, but not porphyritic 
feldspar. It has large dark crystals, which are mostly in the 
form of plates. On closer examination they are found to be of 
magnetite which is striated by polysynthetic twinning. 

2055. West end of Loon lake; from an obliquely ascending 
ridge, near the shore at the southwest head of the bay, at two- 
thirds the distance toward the top. The ridge is of a fine- 
grained dark rock, a siliceous portion of the Animikie, but is 
affected profoundly by the gabbro which is adjacent in the hill 
higher up. This may have been originally some of the siliceous 
slates of the Animikie but under the microscope now a thin 
section shows that every original element is recrystalized. The 
quartz is not in clastic form, but interlocks. Mica is generated 
and embraces poikilitically both magnetite and quartz, and a 
small amount of calcite is sheltered amongst the other grains. 
The rock is almost entirely of quartz, but there is enough of the 
colored minerals to give it an opaque, dark gray color. 


2056. Similar rock, belonging to the Animikie still higher 


*Mr. A. E. Bartow has recently gathered together and published all the data known 
concerning such dike rocks, adding many new facts,—‘‘On some dikes containing 
huronite,’’ read before the Geological Society of America, Baltimore, Dec. 28, 1894, 
published in the Ottawa Naturalist, Vol. IX, p. 25. 
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up—more siliceous. In this section this has much more silica, 
and occasionally a few fibres of griinerite. There are also 
grains which are crowded with microlites, appearing like the 
residuum of a molten magma, which take the shape which the 
the other grains leave room for in their interstices. These are 
white, but cloudy, and perhaps are fundamentally of orthoclase. 
Their regular extinction shows that they have a crystalline 
basis, but owing to their clouded and crowded condition no 
other characters can be determined. 

2057. Same as the last, but with evident feldspar developed, 
some of which is striated and some is the result of the clearing 
up of the grains which in rock No. 2056 are cloudy and inde- 
terminate. This was collected quite near the gabbro, indeed 
was collected as ofthe gabbro near the contact with the Ani- 
mikie, but proves to be of the Animikie. This is fine-grained 
and gray, appearing considerably like No. 2056, 150 feet, more 
or less above Loon lake. 

2058. Characteristic gabbro, 150 feet from the foregoing, 
south. In thin section this gabbro is seen to contain olivine 
older than the diallage and than the feldspar, with a little 
magnetite surrounded by biotite. This is the commencement 
of a belt of gabbro ten or twelve miles in width and its effect 
on the Animikie was very prolonged and powerful. It is finer 
here than usual, by reason of contact with the Animikie slates, 
which stand at an angle of 60°—70°, dipping southerly. They 
are also crumpled and twisted, also hardened and rendered 
massive, so much so that on first approach the ascending 
ridge, especially near the top, was supposed to consist of gab- 
bro. 

2059. Still another phase of the fragmental rock, essentially 
a quartzyte, but containing incipient orthoclase, mica,etc. The 
quartz is wholly altered from its original clastic form, not even 
the outlines of the original grains remaining, and is recrystal- 
lized into grains of irregular shapes which interlock and ac- 
commodate themselves to their surroundings. This quartz is 
closely comparable to much that is seen near the bottom of 
the Animikie(?) as at Chub (or Akeley) lake, where the Pewabic 
quartzyte has been wholly changed in the same way. The ac- 
companying substances being somewhat different originally, 
and more abundant here than in the Pewabic quartzyte, the 
accompanying minerals after metamorphism are both more 
numerous and somewhat different than in the case of the met- 
amorphism of the Pewabic quartzyte at Chub lake. But the 
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cases are perfectly parallel and analogous, and the resultant 
rock can, in neither case, be referred to a supposed ‘“‘silicifica- 
tion of the gabbro,” as urged by Bayley and Van Hise. (19th 
annual report, pp. 209, 210).* 

2060. A curious granitoid or gneissic condition of the same 
quartzyte, from the same place, (west end of Loon lake). Fine- 
grained, gray and quite siliceous. Under the lens of the micro- 
scope this rock is different from others already mentioned only’ 
in having a more differentiated condition of all the minerals. 
There are distinct feldspars of triclinic and of orthoclastic kinds, 
but although they are easily identifiable as such they are still 
partially or wholly crowded with numerous impurities, look- 
ing as if they were in a state of decay, as such phenomena are 
usually interpreted, instead ofin a state of growth. It is ap- 
parent that quartz was the first of the secondary minerals to 
_ take the new shapes, next came the biotite which sometimes 
surrounds the quartzes, and which is scant, but which is asso- 
ciated with a blue-polarizing mineral resembling glaucophane, 
and lastly the feldspars. Consequently the residual impurities, 
and the microlites that formed last from them, are nearly all 
embraced in the feldspars. It appears sometimes that a purifi- 
cation took place in this impure mass, and a clearly transpar- 
ent portion of a feldspar crystal grew up in the center, the mi- 
crolites of mica and of iron(?) being driven to the surrounding 
zone. Still, more than two-thirds of thisrock consists of secon- 
dary quartz. V. Nos. 1647-49. The gabbro comes absolutely 
to the shore of Loon lake. 

2061. ‘‘Black rock’? phase of the Animikie, west end of Loon 
lake, same place as the last. This rock is very siliceous but 
scattered through it are sufficient colored grains of biotite and 
of magnetite to make it all appear to be nearly black. It is 
very fine-grained. Under the microscope it appears as com- 
pletely secondary in its present condition as the foregoing. 
The quartzes interlock, and occasionally a large quartz ex- 
tinguishes over an area embracing many biotites and magne- 
tites, which therefore, in this case, must have preceded the 
quartz as to generation. 

According to the stratigraphical scheme which has been 
worked out by Dr. Grant for the Animikie of this region, all 
these siliceous beds are near the top of the Animikie, which 
must be correct unless there be faulting such as to lift the bot- 


*The Loon lake rock is without doubt a part of the Animikie, but that at Chub 
ake is believed to be a modified condition of the jaspilyte of the Keewatin. 
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tom of the Animikie to the surface at this place. There is no 
direct evidence of such faulting here. 

As to the relation of the gabbro to the diabase sills (for the 
gabbro is incontestably later than the Animike), the first im- 
pulse is to make them of the same date. This is owing not 
only to the essential identity, lithologically, of the gabbro and 
the sills, but also to the nearness with which they here ap- 
proach each other, as well as the sameness in the manner with 
which they are both known to form sills in the Animikie. It is 
to be remembered that according to Lawson (Bulletin VIII) the 
sills are later than the gabbro, and even later than the whole 
Keweenawan. Also, according to Grant, where the gabbro 
proper forms sills, as at Chub (Akeley) lake, it is not finer 
grained at the contact on the quartzyte, although, at the same 
place, and in the same quartzyte, a diabase sill is finer at the 
contacts. This difference indicates different conditions of in- 
trusion, and two dates of sill formation, one being, as he sup- 
poses, at the date of the gabbro and the other that of the dia- 
base sills in general. Several of the sills are porphyritic with 
scattered plagioclases. In that respect they are like those seen 
at the railroad cuts west from Gunflint lake which are near the 
bottom of the Animikie. 

2062. Slaty quartzyte, from the Animikie andere the 
diabase sill at Mt. Reunion, south side of Rove lake. 

2063. The lowest stratum seen at Mt. Reunion. A coarser 
quartzyte. 

2064. From the sill of ‘‘diabase’”’ that forms the summit of 
Mt. Reunion—an even, medium-grained, gray and fresh rock, 
from one of the fallen masses. This section shows olivine and 
augite both older than the feldspar, a character of gabbro, and 
also augite younger than the feldspar, a character of diabase. 
The earlier augite is sometimes twinned, with a narrow band 
between two broader ones, but the cleavage (100), in this case 
running from one side to the other unbroken through the nar- 
row band, indicates a diallagic variety of the auyite; and since 
extinction in one part is parallel to this band, the plane of as- 
sociation is perpendicular to the brachypinacoid, and therefore 
is O01. At the same time the crystal is so cut that the other of 
the broad bands shows an acute bisectrix, and also the pris- 
matic cleavages between which its extinction bisects the in- 
cluded angle. This rock, therefore, is not distinguishable from 
the ordinary gabbro, and is probably continuous with the main 
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gabbro mass, but here appears as a very thick sill in the An- 
imikie. 

Of this hill three-fourths of the total height are composed of 
rock hke Nos. 2062 and 20638, the latter at the bottom of the 
perpendicular cliff. The talus by aneroid measures 210 feet 
above the lake, from which the entire hill is estimated to reach 
somewhat over 400 feet. About one-half of the vertical cliff is 
of slaty quartzyte, which is also presumed to extend down- 
ward under the talus to the level of the lake. No rock is seen 
at the lake opposite Mt. Reunion, but about a mile and a half 
further east appears 

2065. On the south side of Rove lake near the water, in the 
manner of a sill, apparently somewhat decayed. A thin sec- 
tion shows the olivine largely replaced by opaque and by chlor- 
itic substances, and the augite uralitized, anda notable amount 
of secondary quartz present. 

The hills rise almost continuously on the south side of Rove 
and of Mountain lakes, as on the south side of Mud and other 
lakes, from 300 to 400 feet, but rarely less than 250 feet. Mt. 
Reunion is the most bold and precipitous, at the same time the 
highest near the lake, of all the hills along here. 

In approaching the north end of the portage from S. Fowl 
lake southward, and noting the forms of the hills visible to 
the south, which are bold and conspicuous, I observed that the 
hill just west of the portage, containing the later dike cutting 
the sill as described in 1893 (Nos. 1898-1901) slopes gradually 
threughout its whole E-W. extent toward the east, as if the 
formation thus dipped. There are minor irregularities in the 
form of the sill, but on the whole the dip, as viewed from the 
north, iseastward. The hill on the east side of the stream has 
about 150 feet of sill on about 150 feet of slates. It also has 
irregularities in its basaltic direction. These irregularities, in 
dip, in the disappearance of the slates, in the succession of 
hills (running Eand W), separated by jogs, and the obliquity of 
the hills to the general strike of the E-W range, seem to in- 
dicate a broken, and perhaps a deeply faulted condition of the 
Animikie. 

On approaching the region of North and South Fowl lakes 
one is struck with the bold and precipitous aspect of the ad- 
joining hills, their form and hight. There is an enormous ex- 
hibition of the northward facing cliffs, comparable to the range 
of which Mt. Reunion is a part. These northward facing cliffs 
slope southward, or south-eastwardly, along the east side of 
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North Fowl lake, and these are of the type of those usual 
about Mountain and Arrow lakes, great Logan sills (Lawson) 
having slates below them though rarely showing any above 
the great trap layer. There seems to have been faulting, or at 
least uplifting since the injection of these sills, for the basaltic 
columns which must have been perpendicular to the slates are 
also tilted toward the south conformably with the present 
position of the slates. In some places slates can be seen under- 
neath these sills as in the hill on the Canadian side of the out- 
let of South Fowl lake. Besides this tilting there is a zigzag or 
saw tooth outline of the tops of these hills which may be part- 
ly due to faulting, their upper surfaces running southward so 
as to apparently run under the next one to the south. These 
hills are short, sharp on the north, irregularly overlapping, 
east and west, although often having a general range-like 
succession for many miles, bringing out a peculiar characteris- 
tic topography which prevails over a large area in northeast- 
ern Minnesota, southward and eastward from Gunflint lake. 
This type seems to run off into Canada at the southern end of 
South Fowl lake. 

So far as can be judged now the hills seen in the town next 
south of South Fowl lake and on the Indian Reservation, 
thence eastwardly to Pigeon point, even including the hills di- 
rectly west from the South Fowl cliff, are mainly of the dike 
type, as contrasted with the sill type. The trap here does not 
lie on the slates, but rises through them, and forms basaltic es- 
carpments of trap which rise sometimes to the hight of 100 or 
200 feet above the adjoining talus. For instance, the cliff on 
the Canadian side at the outlet of South Fowl lake has trap 
lying on fissile slates about 125 feet above the lake, the upper 
surface of the basaltic trap dips conformably with the slates 
southward. The cliff immediately at the river on the westside 
has a different structure, for in it no slates are visible,so far as 
examined, but a trap rock descends from top to bottom on the 
face of the cliff. Itis the eastward termination of a long and 
large range which apparently has the dike shape, showing 
knobs that rise suddenly, one after another, extended ina series 
for several miles, abrupt on both sides. The southern slope of 
this range is not so abrupt as the northern, due probably to 
the lodgement of glacial debris on the southern side, but south- 
ward from this range this type of hill is the prevailing one, and 
it is especially exemplified in the dikes of the Grand Portage 
Indian reservation. 
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It is noteworthy that this dike-structure occurs to the south- 
ward of the region that exhibits the sill-structure. It has been 
observed also that the slaty rock that is cut by the dikes is of a 
different character from that which contains the sills. Its 
stratigraphic position, taken in connection with the general 
dip of the Animikie, must be above the slates which exhibit 
the sill structure. This rock, which seems to constitute the 
top of the Animikie, has received the name of Grand Port- 
age slate, from the route along which it is well exposed. 
It is a fragile rock whencompared with the tough siliceous 
slates below it, and easily breaks in any direction. It is 
to be presumed, therefore, that this difference in the lithology 
is the prime cause of the difference in the manner of intrusion 
of the igneous rock. The slates split easily along their bed- 
ding and admitted the molten rock horizontally, forming the 
well known sills, but on reaching the Puckwunge slate the 
igneous-rock rose in great volume through vertical fissures 
which on consolidation have formed the great dikes of the 
region. According to this the rock protruded into the 
Animikie, whether as dikes or silis, may have had, and 
probably did have, so far as the Cabotian invasion is concerned, 
about the same date: and it is further probable that thatevent 
was the same as that which gave origin to the great gabbro 
mass of northeast Minnesota. 


THE BASE OF THE UPPER SERIES OF THE KEEWENAWAN. 


It has been the uniform practice of geologists for many years 
to exclude the Animikie from the Keweenawan. There has 
been found latterly a distinctly conglomeratic horizon, later 
than the Animikie, which has been accepted as the base of the 
Keweenawan. This conglomerate contains debris from the 
Animikie and also from the ‘“‘red rock’”’ which is the product of 
the alteration of the Animikie, viz: quartz porphyries and 
aporhyolyte, and quartzyvte which, though granular and clas- 
tic originally, is cemented by secondary quartz and sometimes 
wholly altered to a vitreous quartzyte. As this alteration 
was produced by the gabbro-diabase intrusions such as those 
above described, as is easily observed at Grand Portage and on 
Pigeon point, it becomes necessary to separate the great erup- 
tives of the region, included by Irving under the single term 
Keweenawan, into two epochs, one preceding this conglomer- 
ate and one following it. The lower series of eruptives, the 
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great gabbro and the attendant sills, dikes, basalts, surface 
flows and the ‘‘red rocks,’’ have been distinguished as Norian, 
and the term Keweenawan, originally covering the whole, 
could appropriately be restricted to the later eruptives. This 
would be, however, a violation of one of the rules lately 
adopted for the use of stratigraphical terms by the Interna- 
tional Congress of Geologists, which requires that a term once 
defined and introduced must never be applied in any other 
sense or limitation, either by enlargement or restriction. This 
upper series, therefore, is without a proper stratigraphical des- 
ignation, for thesamerule would require that the term Keween- 
awan shall include both series. This upper series [since named 
Manitou] is that which becomes locally interstratified with red 
sandstones, whether tilted or horizontal, and gradually fades 
out, but which still covers a very extensive region in the lake 
Superior basin and in the Mississippi valley. Since this upper 
series is easily distinguished from the lower in the vicinity of 
Grand Portage bay and southwestwardly from there, some 
‘name like Manitou, derived from the Grand Portage region, 
would be appropriate.* 

The facts given below bear upon the nature and distribution 
of the great conglomerate and quartzyte at the base of the 
upper series. 

In the Puckwunge Valley. This place was first visited by the 
writer in 1893, and the specimens collected then are enumerat- 
ed in the report for that year (Nos. 1902-1906, p. 13, 22nd 
annual report.) The outcrop of this conglomerate is about 
in the centre of the NW% sec. 25, T. 64-3 E. It is by compass 
10° east of south (magnetic) from the great cliff of the south 
end of South Fowllake. It is reached by ascending the small 
stream Puckwunge or Big-root, that joins the Pigeon river 
sec. 18, T. 64-4E, which is canoeable without obstruction to 
near thecentre of sec. 24, 64-3 E, whereit is obstructed by trees. 
It is thence necessary to make a traverse southwardly over a 
thinly timbered but often thickly shrubby, level tract of gla- 
cial till and gravel, frequently covered by lacustrine red clay, to 
the hill range that is visible about a mile away. This tract is 
one of good soil, in the main, and is arable, but it has occas- 
ional knolls and short ridges which are kame-like, rising six to 
fifteen feet above the rest of the country; and it is crossed by a 
second stream flowing in thesame direction (east) near the foot 


*Compare the writer’s discussion of this division of the original Keweenawan into 
two series, in the American Geologist, Vol. X VI, pp. 150-162, 1895. 
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of the hill-range. The hill-range, which rises about 350 feet, 
has asmall notch caused by the erosion of aninsignificant stream 
which flows down the slope toward the north crossing the 
strike of the conglomerate and quartzyte, which is dry in the 
lower reaches except in freshet time. This creek has caused a 
small gorge and the conglomerate is exposed in this gorge and 
above the creek in the hill-slopes. 

There are distinctly two parts to the conglomerate, viz., in 
descending order: 

1. Fine conglomerate or grit stone, 18 ft., (1902.) 

2. Coarse conglomerate grading upward into fine conglom- 
erate or grit, 18 ft, (1903.) 

The dip is toward the SW by S, 12 degrees, and is distinct. 
This rock is essentially a white quartz-pebbleconglomerate, the 
coarsest stones being about 6 in. in diameter, rounded-lenticu- 
lar and hard, altogether water-worn. There is very rarely a 
distinct banded red-jasper pebble, and some that are not band- 
ed, and more common a gray siliceous pebble Jike basanyte. 
Some of the pebbles are reddish brown. The great majority of 
them are of vein quartz, but some appear to be of chalcedonic 
fineness of grain. The general appearance and character of 
this are like those of the quartz-pebbleconglomerateseen in the 
St. Louis valley a short distance above Fondulac. 

The rock is not exposed throughout its whole thickness, but 
onascending theslopein the hill westward from the little gorge 
a rock was found (1904) forming a perpendicular low cliff 
which is similar to the fine conglomerate (1902) and indicates 
that the rock which composes the slope above the gorge is a 
part of thesame stratum. That gives the fine conglomerate a 
thickness of 126 feet, the covered slope being estimated at 100 
feet, and a total thickness of the grit and the conglomerate of 
144 feet. Below the visible portion the conglomerate may 
continue much farther. 

Above this rock the hill still ascends about 150 feet, and so 
far as can be seen it consists of a dark trap rock which recalls 
Irving’s ‘‘black traps’”’ of the Lake Superior shore eastward 
from the Brule river. Mingled with it is much amygdaloid, 
and surface rocks of eruptive origin, and some that, weathering 
much lighter (2067), may be of the nature of a volcanic tuff. 
These are represented by the following samples: 

2066. Basic dark trap with chalcedonic geodes, resembling 
that at the mouth of Gooseberry river. This forms the sum- 
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mit of the hill range at the notch where the little creek comes 
through. (Compare 19035.) 

2067. Gray or bluish, fine-grained, globuliferous rock; 
weathers nearly white; at a somewhat lower level than the 
last, forming a little cliff about 25 feet high. 

2068. At points still farther south, and perhaps 50 ft. 
higher than 2066, the exposed rock is rather coarsely porphyr- 
itic, in the manner of that forming sills in the Animikie west 
from Gunflint lake. The same rock, however, is also fine- 
grained in other places. The country is covered with forest 
and moss, and from the scattered outcrops south from the out- 
crop of the conglomerate it is impossible to make out any de- 
tail of the structure. 

A thin section of rock 1905 shows a finely porphyritic, fine- 
grained basaltic glass, which is probably of the species zirkelyte 
named by Wadsworth, in Bulletin No. 2, p.31. The granular 
structure is due to devitrification. It holds silica in consider- 
able areas, which have a broken and shadowy extinction some- 
what like fibrous chalcedony. These areas are of irregular 
- shape, and frequently also enclose calcite. 

2069. Varieties of pebbles from the coarser part of the con- 
glomerate. Incollecting these pebbles a special effort was made 
to obtainsome that were characteristic of some formation, and 
among these the rock taconyte was sought for. Thin sections 
were afterward made of some of those that promised to show the 
peculiar glauconitic taconitic structure. They were found to 
be of clastic structure, the constituent parts not made up evi- 


dently of crystalline secondary silica, but consisting of a red or 


brown substance forming a grit, which still is wholly second- 
ary. The rounded forms of the more colored parts are per- 
fectly characteristic of a fragmental source. With high powers 
these rounded grains are seen to have multitudes of crystalline 
microlites mingled with a more or less felted polarization, the 
whole composed of quartz, fine hematite forming the coloring 
agent. Magnetite crystals are disseminated, and in all cases 
their idiomorphic forms jut into these brown grains. This 
shows that both the grains and the magnetite have been 
formed (as to their present composition) by an alteration from 
some pre-existing material, and that the brown grains have 
received their magnetite and probably also their hematite since 
they took the rounded shape. They were hence not devitrified 
or aporhyolite prior to the rounding. The generation of this 
iron, accompanied by the deposition of abundant quartz, both 
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in the grains and as a cement between them, is a characteristic 
of the taconyte rock of the Mesabi range where the original 
rounded shapes were acquired when the material was formed as 
a glauconitic sand. These characteristics fix this conglomerate 
as later than the Animikie; they are not those of pebbles of 
aporhyolyte for which these grains might be mistaken and 
which also is found abundantly in this conglomerate at Grand 
Portageisland. Both sorts of pebbles point to the Animikie 
as their source. The original taconitic character of the base 
of the Animikie extended therefore as far east as the Puck- 
wunge valley. Both here and at Grand Portage island this 
conglomerate and quartzyte are followed, in ascending order, 
by an important series of dark traps and amygdaloids, which 
constitute, along the shore westward from Grand Portage bay 
the “black traps” of Irving, which he was rather inclined to 
exclude from the Keweenawan. 


[Note. In 1897 Mr. Elftman visited the outcrop of this conglomerate seen on the 
shore of Grand Portage bay about a mile west of the village of Grand Portage. 
This is visible as a light-colored bluff when seen from Grand Portage island. He found 
the conglomerate grading into a light-colored quartzyte or hard sandstone, contain- 
ing pieces of the Animikie and of felsyte, reaching a thickness of something more than 
100 feet and overlain by beds of trap and amygdaloid, the whoie constituting a strat- 
um which he could trace by the topography further than the hill examined, but he 
saw no other outcrop. 


2070. Traveling eastward from the creek and little gorge 
where the principal exposure of this conglomerate occurs, there 
is seen to be a shoulder or terrace formed of this conglomerate, 
and of some of the higher beds of grit (1906). Under it 
(whether immediately in contact or not was difficult to deter- 
mine) is a diabase sill (2072), and at a quarter of a mile fur- 
ther east the rock 2070 appears about in the interval between 
the sill and the conglomerate, having at that point an expos- 
ure of at least 50 feet. This indeed is well toward the top of 
the hill, as if the strike of the conglomerate had receded toward 
the south. Itis a part of the Grand Portage graywacke. The 
thickness of the sill is also at least 50 feet. The sill at the same 
time, or at least a rock adjoining that cannot be distinguished 
from that of the sill, is seen to be in contact and underlying a 
portion of the conglomerate, even cutting it, and from it a 
large apophysis runs southward 35 feet wide, becoming nar- 
rower and narrower. The appearances point toward the con- 
clusion that the sill is younger than the conglomerate, the line 
of contact béing somewhat tortuous. There is a sudden north- 
ward jog in the line of the hill range, an isolated hill standing 
out from the main line, and this hill is composed apparently of 
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a swelling out and northward projection of this sill, although 
the direct connection could not be traced in the time at com- 
mand. Init is noticeable an occasional spotting of crystalline 
red rock like that at Mt. Josephine and on the ridges in the In- 
dian reservation, and that indicates that it is older than the 
diabase that cuts the conglomerate. 


Ss 


Fic. 4. SECTION OF THE HILL-RANGE, SOUTH SIDE OF PUCKWUNGE VALLEY. 


2071. Returning toward Puckwunge creek there was en- 
countered a surface outcrop of the Grand Portage graywacke. 
It has on casual examination the appearance, as well as the 
geographic position of a lower bed of rotted trap, and for that 
it was taken in 1893 when seen in the same place. This indi- 
cates that the rock 2070 (Grand Portage graywacke) may 
have a thickness of at least 200 feet. 

2072. Fine-grained condition of the sill mentioned as under- 
lying and cutting the conglomerate and a portion of the Grand 
Portage graywacke. It is to be remembered that there is a 
series of dikes of diabase which is later than the great dikes. 
This is shown by the dike cutting the sill which constitutes the . 
bluff at the south side of South Fowl lake. Many other in- 
stances could be mentioned. It is quite possible that the later 
intrusion formed sills as well as the earlier, and the porphyritic 
condition is not a character which could be depended on to dis- 
tinguish one from the other. 

About Grand Portage. The route of the Grand Portage trail 
runs almost wholly over drift deposits which are tnderlain, as 
indicated by occasional exposures, by the rock which above is 
called Grand Portage graywacke. 
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2073. Grand Portage graywacke from the trail at one mile 
from the landing at Pigeon river. 

2074. On Grand Portage island; quartzyte at the lower 
plane, where in contact with the trapsheet. A dark fragment- 
al rock. 

2075. Trap, from about two feet lower, in the intruding 
sheet. 

2076. The lower contact of an overlying trap on a quartz- 
yte layer, very fine-grained, same place. 

2077. Upper quartzyte layer at the contact, baked and 
hardened. 

' The quartzyte seems to have accumulated very readily and 
rapidly between the eruptions, judging from the quickness 
with which it resumed its prevalent character. 

2078. Coarse porphyritic granite, from St. Cloud, used for 
thenew water-power damat Minneapolis; also for monuments, 
of which a large one was exhibited at the Chicago Exposition, 
1893. Subsequently passed through the Colosseum fire. 
Compare the Ortonville granite, No. 1980. 


Rock SAMPLES COLLECTED IN 1897 To ILLUSTRATE THE 
FIELD Notes oF N. H. WINCHELL, 
WITH ANNOTATIONS. 


In Carlton county. A review was made, in May, 1897, of 
some of the rock ridges in Carlton county with a view to dis- 
tinguish, if possible, the slates at Carlton from the rocks found 
in the central part of the county, and the possible boundary 
line separating them. Following is the list of specimens and 
their localities. The conclusions are presented in the final re- 
port on Carlton county. 

2079. Massive green rock NW cor. NE %4 SE% sec. 5, 47- 
18, west of the little creek, occurring in coarse jointage blocks 
greenish, and specked more or less with large pyritecubes. The 
sample has a fine, fibro and lamellar, indistinct structure. 

2080. North from the last, at SE%4SW %4sec. 29, 48-18, 
the country rises considerably higher than the foregoing, with 
knolls and ridges of drift. In this more elevated area this rock 
outcrops. It is light weathering, fine-grained graywacke, 
jointed like rock 2079, but much more siliceous. It forms a 
large (comparatively) area of nearly homogeneous rock, and it 
has the appearance, except for its composition, of an igneous 
rock. Its chief variation consists in the black, calcareous 
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“snow-shoe track’’ of the slates at Carlton. On close inspec- 
tion an indistinct bedding structure is discernible in a few 
places, varying from nearly level to 45° toward the north. 

2081. Thinly bedded portion of the same rock as 2080, fold- 
ed and twisted, but dipping N about 45 degrees. Calcareous 
‘‘snow-shoe tracks”’ are here common. 

2082. East from 2079, about SE 4, NE \% sec. 5, 47-18. 
From a large area of indefinite and confused greenstone of the 
Keewatin, one of the coarser parts, occurring in belts or lay- 
ers, or as irregular parts or masses, imperfectly agglomeratic. 

2083. Another phase of the same rock, finely laminated. 

2084. Same place; another phase, with pyrite. 

2085. Same place; another phase, apparently sedimentary, 
at least bedded, greenish, sub-crystalline. 

2086. SW sec. 4, 47-18. Fissile, dark colored schist, some- 
what micaceous, with folia of quartz, with pyrite. Structure 
dips ESE about 45°. Of the same formation as Nos. 2082- 
2085. 

2087. At Atkinson, centre of sec. 25,48-18. Black-weather- 
ing masses in slate. Sample shows both the caleareous (or 
sideritic) material and the rock in which these are embraced. 

2088. Pebbly forms in the slate, SE 4 sec. 9, 48-17, west of 
Carlton. These are hard, gray, and fine-grained, resembling 
the slate. It is difficult to decide whether they are indigenuus 
or foreign pebbles. 

2089. Short Line Park. Amygdaloidal condition of the 
“gabbro.”’ This-structure is more common here than had been 
supposed. It is specially abundant near the cut of the St. Paul 
& Duluth R. R. 

2090. Fair sample of the gabbro at Short Line Park, coarse 
and fresh. A dike 60 feet wide runs through this rock in the 
direction N 45° E (true). 

2091. North side of sec. 32, 49-15, at the crossing of the 
creek by the highway. Anamygdaloidal phase of the ‘‘gabbro”’ 
of the region of Short Line Park contains large blebs of red 
rock in scattered patches, but not so red and conspicuous as in 
the large boulder seen at Cloquet. 


ELY AND LONG LAKE. 

2092. Ely: a rude breccia-like portion of the greenstone, in 
the interstices between the agglomeratic forms. The fragments 
average perhaps 4 to % inch. Knobs west of the Catholic 
church. 


Sa? 
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2093. From the periphery of some of the agglomeratic 
masses at Ely. This periphery is not always distinctly amyg- 
daloidal, but is finely specked with a white-weathering min- 
eral in round spots as large as a pin-head. This belt in general 
is outside of the coarsely cavernous belt which is frequently in- 
terrupted, or wanting, but which is apparently the representa- 
tive of the pipe-like amygdaloidal structure. 

2094. Near Long lake, at Ely, eastward from the boat- 
house. A pebbly or brecciated confused phase of the green- 
stone. Not only the pebbles, but some of the rock have a fine- 
ness like that of felsyte, but no quartz phenocrysts are visible. 

2095. The acid porphyritic rock which appears in the ag- 
glomeratic greenstone westward from (and near) Ely. It is 
traceable for 50 rods, more or less, or a quarter of a mile, 
appearing like a dike about 20 feet wide (sometimes wider) 
running about N 30° E (true). This rock and the adjacent 
greenstone mutually enclose fragments from each other. It is, 
perhaps, due to a folding on a grand scale, rather than to in- 
trusion, that this belt au acid rock here appears in the midst of 
the greenstone. 

2096. Samples of this acid rock at the ‘‘contact’”’ on the 
greenstone. It is finer grained at the contact. This belt of 
acid rock varies from 15 to 50 feet in width. 

2097. Purplish, argillitic ‘‘slates,”’ fine-grained. 

2098. The same,coarser-grained, schistose. These are from 
SE% sec. 29, 63-12." The slates strike about N 45° E. It is 
uncertain whether these, which alternate with each other, are 
both sedimentary, as their structure indicates, or are greatly 
sheared portions of an acid rock. It seems possible that rock 
2098 is the product of wastage from a rock like the white dike 
2095. 

2099. Sample of the matrix of a conglomerate seen on an 
island in Long lake SW14 sec. 29, 63-12, supposed to be the 
equivalent of the Stuntz conglomerate. The conglomerate 
holds pebbles of different kinds, viz.: 

1. Mostly of rock like 2095 sometimes containing a few 
quartz grains, making a quartz porphyry; 2. A non-quartz- 
iferous felsyte; 3. Quartz, only a few pebbles seen; 4. Green- 
stone; 5. Hornblende porphyry. This conglomerate passes 
rather suddenly into argillyte toward the south. 

2100. Quartz from this conglomerate, in form of nearly 
white pebbles of chalcedonic (or jaspilitic) quartz. 

2101. From the bluff on the mainland SW (in the direction 
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of strike) from the island foregoing; firm and siliceous, appar- 
ently a conglomeratic phase of the rock of the island. Some of 
the pieces of foreign rock are 8 or 10 inches in longer diameter, 
but outwardly the mass of the rock israther fine, and uniform, 
the appearance suggesting a breccia rather than a conglomer- 
ate. 

2102. Rising in the midst of this breccia is a small area of 
what appears to be an acid rock like No. 2095, but more 
quartzose. It can be seen only about a rod and is lost under 
soiland bushes. It may bea coarse compacted detrital rock, 
derived from a rock similar to 2095. Some pyrite is dissemin- 
ated in it. 

2103. In NE%4 SE sec. 30, 63-12isa high greenstone range 
with some appearance of belonging below the non-conformity. 

2104. Dioryte, so called by A. Winchell, near the point NW 
Y%, SW, sec. 29, 63-12, small island in Long lake; apparently 
a condition of the prevalent greenstone. 

2105. Green fibrous schist. On the main land across from 
the last mentioned island. 

2106. Siliceous or flinty condition of sericitic schist, NW%4, 
NW%, sec. 29, 63-12, west end of Long lake. It is sparsely in- 
terstratified with a coarser acid rock, similar to 2098. The 
flinty structure stands about vertical. 

2107. Acid rock,in the greenstone near the center of sec. 32, 
63-12, perhaps in the extension of the quartz porphyry 2095. 

2108. Near the center of sec. 31. Sericitic schist, excavated 
by the sinking of a shallow pit; probably inline of extension of 
that mentioned in sec. 29. 

2109. Schistose greenstone, SW cor. sec. 36, 63-13, forming 
the rock at a long cut at the RR. This is apparently in the line 
of extension of the range seen in sec. 30, 63-12. 

2110. Anapparent amydaloid of saponite, in the dump pile 
of the Zenith mine, east of Ely. 

2111. Ore from the long-litigated ‘‘sec. 30,’’ 63-11. 

2112. Variations of jaspilyte, from the pile at the pit on sec. 
30, 63-11. 

2113. From the ridge south from Ely, visible from thetown. 
The ridge where visited is much affected by spots and nodules. 
and pseudo-veins of epidotic rock. 
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Rocks from a section made in traversing from the NW corner 
of Long lake to Burntside lake. 


2114. Shore of Long lake at the point of starting; greenish, 
sub-crystalline, showing epidotic surfaces. 

2115. Forty or fifty feet above the lake and about 30 rods 
from it, more coarsely crystalline, with hornblende. 

2116. Eight rods further north. Finely porphyritic with 
feldspar in spots. In some spots weathers red. 

2117. Eight rods further north. A compact dark green 
rock, not plainly crystalline. 

2118. Atninerods farther north. Much like the last, but 
coarser and somewhat crystalline. 

2119. At nine rods farther north, just on the southern brow 
of the main hill. A very tough, light-weathering rock showing 
a phase of the regional metamorphism. A crystalline rock, 
light green in color. 

2120. From the very top of the hill; somewhat coarser, but 
otherwise like the last; 200 feet above the lake. 

2121. At one mile north from the lake; a dike of reddish 
granite two inches wide, disclosed in pulling off the moss, run- 
ning with the structure about E and W. 

2122. Hornblende schist, coarse, about twenty rods north 
of the last. . 

2123. Mica and hornblendic schist irregularly alternating. 
At the top of the hill south from Burntside lake, and at 100 ft. 
+ above the lake, and perhaps fifteen rods fromit. But there 
is considerable granite to the south from this. 

2124. Granite, at the shore of Burntside lake, north from 
the west end of Long lake. 

2125. At the quartz vein of McIntosh, Wells, Prindle and 
Dutton. NEW, SE, sec. 36, 63-13. In reaching this place 
from the railroad several forms of the greenstone appearinlow 
ridges. One is represented by the rock of this number. Its 
outer weathered surface is blotched by the original bouldery 
forms, the difference in color being due apparently to variation 
in the frequency of the hornblendes which are large and con- 
spicuous, both in the ‘“‘boulders’’ and in the matrix, but more 
frequent in the matrix. 

2126. At the extreme NE corner of sec. 36, 63-13, on a well 
known jaspily’e belt, traceable, according to Mr: McIntosh for 
about a mile, is this rock. This belt seems to blend with the 
country rock (greenstone, schist, etc.) producing an intermedi- 
ate phase, a siliceous greenstone. This is only another illustra- 
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tion of the intimate connection of the jaspilyte, in origin andin 
date, with the green rock in which it lies, as first pointed out in 
bulletin No. VI. At this place the whole formation has that ir- 
regularity which has been called bouldery, i. e. it is blotched in 
a similar way, and the grayish and greenish jaspilitic silica sur- 
rounds these forms. This is similar to a structure later ob- 
served at Moose lake. 

2127. Ore from the quartz vein in SW%4, SW, sec. 30, 63- 
12. This vein runs about % milea little NofE. Itis a large 
showing of white quartz, and some assays have given a prom- 
ising amount of gold. 

2128. A part of the vein is rusty on weathering, apparently 
by oxidation of siderite. 

Taylor's Falls and Mesabi Range. A review was made in 
May, 1897, in company with Messrs. Grant _and Berkey, of 
some of the features of the Keweenawan at Taylor’s Falls. 
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Fic. 5. APPROXIMATE PROFILE OF THE WEST BANK OF THE ST. CROIX RIVER AT 
TAYLOR’S FALLS. 


2129. Samples of grit, or volcanic debris and quartz, with 
epidote, about 200 feet above the river. 

2129A, A very fine, flinty condition of 2129. 

This grit forms an irregular layer, lying on the conglomerate 
or breccia of much coarser character, the general structure or 
dip being WSW about 10° or 15°, according to Berkey who has 
made a careful survey of the park. This is appproximately at 
the contour line of 910 to 920. 

2130. Coarsely porphyritic trap, overlying 2129, the inter- 
val of unexposed rock being perhaps 30 feet. In this interval 
can be seen, however, occasionally irregular crags or knobs of 
trap. 

2131. A coarsely amygdaloidal layer is irregularly mingled 
with and overlain by this fine-grained epidotic rock which in 
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some places appears to be fragmental, but probablyis not. Its 
observed thickness is irregular but not over two feet. 

2132. Still higher, contour of 1030 or 1040, is compact dia- 
base again, more or less porphyritic but seamed by a compact 
greenish rock that resembles 2931. This is probably the pro- 
duct of segregation in fissures in the diabase. The widest fis- 
sure is about three-fourths of aninch, and the samples are from 
fi. 

2133. Porphyritic diabase, highest point, topographically 
and stratigraphically, of the trap. 

The rock 2129, as a grit has a thickness not to exceed 10 
feet at the point examined (Corner of Government and West 
streets), but it lies on a curious conglomeratic rock made up 
of large and small masses uf trap, sometimes amygdaloidal 
and sometimes not, which has a thickness between 30 and 40 
feet. This might easily be mistaken for a rough condition of 
the trap of the region, brecciated, etc., but there is more or less 
of the rock 2129 disseminated through it. 

Following southwestwardly, approximately along the strike 
of 2129, though the rock is much hid by drift, was found at one 
block west of the public school building, a knob of rock much 
like 2129, more or less brecciated, the pieces being mostly less 
than three inches. 

2134. From a breccia of 2129 at one block west of the pub- 
lic school building. 

We followed the general strike of this conglomerate south- 
wardly about parallel with the river, and thus descended to 
the railroad track where the highway is crossed by the rail- 
road, and where is a well known old exposure of conglomer- 
ate. Before reaching that place, however, we made a sharp 
detour toward the east, and struck another road nearer 
the river, where the St. Croix conglomerate is somewhat 
exposed on the westward side of the road near where it de- 
scends to the lower level. Thisconglomerate is distinct and char- 
acteristic, the rounded hard stones easily being dislodged from 
the matrix. Some of these stones are from the older conglom- 
erate, one such being about 18 inches across and showing its 
original conglomeratic character with thegreatest perfection— 
indeed, much better than any of the older conglomerate seen in 
situ. The two conglomerates are superposed, the only thing 
separating them being a time interval with no rock to repre- 
sent it, but in which interval elsewhere must have been formed 
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most of the upper Keweenawan rocks, as represented, appar- 
ently, by the highest eruptive flows at Taylor’s Falls. 

In following down the road toward the old quarry by the 
railroad but little can be seen of the rock, owing to the drift, 
but it is apparent that the two rocks continue in the bluff, the 
upper one not being exposed any more. At the old quarry, 
both in the bluff and in the general flat area below the bluff es- 
pecially near the railroad, the older conglomerate is exposed. 
There is some uncertainty here as to the nature of the upper 
part of this old bluff; i. e.. whether it belongs to the earlier or 
the later conglomerate, for the hottom parts are undoubtedly 
of the earlier, having the cement characteristic of it (i. e. rocks 
2129 and 2129A), and being made up of large masses of the 
underlying traps. The upper part of thy bluff, while apparent- 
ly composed of the same sort of trap boulders and continuous, 
in that respect, from the lower part, and thus outwardly being 
of the same conglomeratic mass as the bottom, yet has a dif- 
ferent cement and contains fossils. Mr. Berkey, who has ex- 
amined the bluff critically, came to the conclusion that there is 
but one conglomerate in the cliff, and that the fossils indicate 
its age,i.e. Upper Cambrian. In that case the cement varied 
from volcanic debris to a more or less calcareous sandstone 
which contains fossils, and the fossils ought to be of the Mid- 
dle Cambrian age, earlier than the Dicellocephalus horizon. 

In case the upper conglomerate here svperposes directly the 
lower, the fossils ought to be of about the Dicellocephalus age, 
and that would easily account for the change in the nature of 
the cement. The fossils have since been carefully examined by 
Mr. Berkey and the stratigraphic horizon has been found by 
him to be in the Upper Cambrian (Am. Geol., X XI, 279-294, 
1898), and essentially the basal portion of the unconformable 
Upper Cambrian of the region, and but little older than the 
original Dicellocephalus horizon. 

Unfortunately the drift is soabundant at Taylor’s Falls that 
it is impossible at present to determine the amount of this sup- 
posed older conglomerate, or to know whether there is much 
more than is actuallyexposed. It seems that its strike is diag- 
onally across the town of Taylor’s Falls, and cross the river 
about NW and SE, bringing it nearer the level of the railroad 
and of the river itself at points further south. If it occurs in 
Wisconsin it would be only at some place considerably south 
of St. Croix Falls, for all the trap at St. Croix Falls (in Wis- 
consin) if judged by the horizon of this conglomerate would be 
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older, and hence of the Norian (or Cabotian series as defined in 
the final report of the survey), the approximate parallel of the 
trap at Short Line Park, near Duluth, and of the Rice Point 
‘“‘gabbro.”’ 

If this view of this lower conglomerate be correct, it will be 
found to develop, elsewhere, into the conglomerate that con- 
tains pebbles of taconyte jasper, seen at New Ulm, and in the 
Puckwunge valley in the northeastern part of the state; it 
would be found to be the stratigraphic homologue ofthe great 
conglomerate seen in northwestern Wisconsin, underlying the 
Barron county quartzyte, and would mark the point of strati- 
graphic separation of the Keweenawan (of Irving), into two 
great eruptive epochs, the lower one the Cabotian, and the 
upper one the Manitou, of the Minnesota geological report. 

However, it is not by any means established that this frag- 
mental horizon is of such important significance. The round- 
ish trap masses that compose a large part of it, at least at the 
corner of Government and West streets, and amongst which 
the finer debris is disseminated, may be of the nature of vol- 
canic flow breccia, and may be repeated at other horizons in 
the trap series, thus indicating as believed by Berkey, (Am. Geol. 
XX, pp. 345-383, 1897) so manysurface lava flows during that 
portion of the Keweenawan represented at Taylor’s Falls.* 
The water which distributed and stratified the fine debris may 
have been the result of copious rains, forming local lakes, as 
suggested by Dr. Berkey. Until more light can be thrown on 
the extent and nature of this fragmental stratum, its interpre- 
tation must be held as unsettled. Incase this fragmental hor- 
izon be not the representative of the Puckwungeconglomerate, 
there is no known criterion by which the age of the trap at 
Taylor’s Falls can be determined, i. e. whether it is of the 
Cabotian or the Manitou. 


2135. Siliceous pisolitic ore, from the Republic mine, sec 
4, 58-18, next west of the Mountain Iron mine (H. V. W.). 
2136. Pisolitic ore, not siliceous. Republic mine or Moun 


tain Iron mine. 

2137. Taconyte, with a siliceous (calcedonic) cement, em- 
bracing iron ore both massive and in rounded pellets, (=a, on 
p. 160 of 21st annual report.) 

2138. Chalcedonic silica from the same place, showing in- 
clusions of a white, powdery stuff resembling kaolin, but per- 


*The significance of this conglomerate has been discussed in the American Geologist, 
by the writer, viz. Vol. XXII, pp. 72-78, 1898. 
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haps entirely of fine silica (=b on p. 160 of 21st annual re- 
port). e 

2139. Greenish, fine Pokegama quartzyte, clearly stratified 
Mt. Iron mine (=c on p. 160, 21st annual report). 

2140. Same as 2139 but coarser (=d of p. ihe 21st annu- 
al report). 

2141. ‘‘Quartzyte,’’ apparently a feldspathic sandstone, 
rusted in blotches. Same place (=e of p. 160, 21st annual re- 
port). 

2142. Fossil wood, lignite, Cretaceous. Standing on end, 
88 feet below the surface. Two feet in Cretaceous shale. Sec. 
18, 58-18. 

2143. Taconyte, Cincinnati mine, showing a fault plane 
along which ferriferous waters passed and up to which the 
hematitic alteration operated but beyond which the rock isnot 
stained (H. V. W.). 

2144. Taconyte, sec. 6, 58-17. 


Trip to Snowbank lake, 1897. A review of some unsettled 
points in the geology of the region of Snowbank lake was made 
in August, 1897, in company with Messrs. Grant and Elftman. 
The main results of this trip are incorporated in the chapter de- 
voted to Lake county inthe final report, but many details, and 
the listing and location of the rock samples with their struc- 
tural and petrographic significance, are not there given, al- 
though many of the specimens are quoted, with references to 
the 24th annual report. 

The following is intended to be little more than a catalogue 
of the rock samples collected on this trip, accompanied by 
enough explanatory notes toindicate their intended bearing on 
the subject under investigation. 

The chief purpose of this trip was to examine the relation of 
the Animikie to the great conglomerate which has been called 
Ogishke at one end and Stuntz at the other, the two being ap- 
parently the same formation chronologically. This would 
have a bearing on the suggestion of Irving, later approved by 


*In the final discussion of the geology of the Mesabi iron-bearing rocks, it was found 
when the data came to be all considered, that the name Pewabic was applied origin- 
ally, not to a member of the Animikie, but to a metamorphic jaspilyte of the Keewa- 
tin, and hence that the ores which in the eastern end of the Mesabi range as defined, 
had been classified as Mesabi ores, were mostly, if not wholly, of much older date. 
That quartzyte and those ores were allowed to retain the name Pewabic, as a conven- 


ient term for that part of the iron-bearing region, and it became evident at once that 
another term was needed for the quartzyte which forms the base of the Animikiealong 
the Mesabi range westward from the Dunka river and Iron lake. Such term wastaken 
from the Pokegama falls, where this quartzyte strikes across the Mississippi river and 
is well exposed, 
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Van Hise, that the base of the Animikie is extended northward 
to Vermilion lake and there is represented by the Stuntz con- 
glomerate, being at the same time subjected in that region toa 
more complex and profound folding. 

It is sufficient to state, here, that no evidence whatever was 
found to warrant the parallelizing of the base of the Animikie 
with the Ogishke, nor with the Stuntz conglomerate, but pre- 
sumptive evidence was discovered that indicates their total 
separateness; andthis presumption is converted to demonstra- 
tion by facts discovered later respecting the positive limitation 
of the Animikie to the south slopes of the Giant’s range and its 
non-conformable superposition on the Ogishkeconglomerate, or 
at least on the series of rocks with which the Ogishke is associ- 
ated. 

2145. Saturday lake (east of Fall lake), SW% NEY sec. 36, 
64-11. Pebbly green schist, common about the southwest 
skores of Saturday lake, south of the east end of the portage 
from Fall lake. 

2145A. Pebbles from 2145. These are frequently greenish, 
especially on fresh fracture, and they blend with the rock so as 
to be almost indistinguishable. But the fine-grained pebbles 
are hard and weather nearly white. The schistose structure 
runs N 45° E (true mer.), and the pebbles are elongated in the 
same direction. Occasionally they present aslatiness oratleasta 
lamination which does not agree with the mainslatiness. These 
pebbles could all be referred to parts of the Lower Keewatin, 
and this locality may be said to exhibit the Upper Keewatin, a 
a probable parallel with the sharply folded conglomerate seen 
at the SW shores of Long lake, which it also somewhat resem- 
bles. 

2146. Lighter-weathering, fine-grained rock, appears irreg- 
ularly in 2145, and transgresses the general structure in the 
manner of an intrusive, but is schistose in the same direction. 
On the first knob south of the portage landing. 

2147, two rods south from 2146,and apparently a part of 
it, runs parallel with the general schistosity, is about 14 in. 
wide and stands vertical, and in that respect is like the pebbly 
schist. 

2148. A little further southeast but still on SWY%4 NE sec. 
36, 64-11, another low bluff rises, consisting of a more uniform 
greenstone, showing no sedimentary banding but embracing 
white siliceous masses curiously shaped, and calcite spots dis- 


50 TWENTY-FOURTH ANNUAL REPORT 


tributed somewhat as in amygdaloid, this becoming more evi- 
dent as the calcite weathers out. ; 

2148A, shows the nature of the siliceous parts of this rock. 
These vary from two inches to two or three feet in the greater 
dimension. Such masses, if in the Lower Keewatin here, may 
have been contributed to theconglomerate represented by 2145. 
At four or five rods from the lake, southward, the country rock 
is a peculiar, fissile sericitic schist, a graduation from the rock 
2148, one of the intervening outcrops being 

2149, which has nodules of calcite and apparently of white 
chalcedonic silica, and also some fine laminae of chalcedonic sil- 
ica separated by thin laminae of greenish schist. 

2150. At % mile, more or less, further SE this rock ap- 
pears. It is like 2149 but firmer and this schistose greenstone 
seems to constitute the southern shore of Saturday lake. It is 
probable that in this immediate vicinity is the transition from 
the Lower Keewatin such as that seen along the south shore 
of Fall lake, and the base of the Upper Keewatin, the latter be- 
ing represented at first by a finely fragmental rock derived from 
the Lower Keewatin, but difficult to distinguish from the Low- 
er Keewatin, and later by a coarseconglomerate like 2145 and 
like the conglomerate seen on the northwest shore of this lake 
(Saturday L.) where it runs for half a mile forming a hill range 
in NEYNE\™ sec. 36, 64-11. In this range the rock is very 
schistose and has, as at 2145, veins of vitreous silica. Fre- 
quently a whitened, weathered surface presents much the as- 
pect of the Stuntz conglomerate, but in general the matrix of 
the pebbles here is much more green. 

There is much drift on both sides of Saturday lake, and par- 
ticularly along the north side, where it forms the shore and 
rises in a level plateau to about 25 feet. At the portage to the 
next lake east (Urn lake, sometimes called Ella Hall lake) the 
lake shore is madeupof great granite boulders, and thecountry 
about is buried under drift, while the immediate beach is sand. 
The portage to Urn lake is over abundant drift, apparently of 
the nature of a terminal moraine, though the trail runs mainly 
on a plateau about 40 feet above the lake. 

2151. At the east end of the trail, a little south of the land- 
ing. This rock is a rigid, greenish-gray, slaty schist, similar to 
2150 and 2152. It stands vertical and strikes N 68° E (true 
mer.), probably a part of the Lower Keewatin. 

2152. On the north side of Urn lake, center of sec. 30, 64-10, 
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is a rigid dark schist, an incipient mica schist, about vertical, 
striking E. and W. 

2153. Mica schist, SE%4, NE sec. 30, 64-10, north side of 
Urn lake. In this schist, which strikes 38° E. of N. is incipient 
granitic rock. Itis twisted. The granitic belts cross it some- 
what irregularly and are lenticular. They are also parallel 
with the schist. They are not distinctly granite, but fine- 
grained or flinty. The sample shows one of the micaceous 
fornis of this schist. 

2154. Shows one of the coarser aspects of the granitic rock 
at the same place. It plays the role of a pegmatyte, but is 
rather fine-grained. 

2155. A portion having a flinty or felsitic aspect. It is re- 
ally a part of the rigid schist, parallel in structure with the 
mica schist. 

2156. About four rods northeast of this, at the lake shore, 
is a basic dike, cutting this schist. Its size cannot be seen, but 
it is at least forty feet, running under the soil on all sides. Its 
direction even cannot bedetermined. It has no schistose struc- 
ture. It contains enclosures of the granite, and is closely joint- 
ed, at least on the burnt surface, and sparingly sprinkled with 
calcite nodules like an amygdaloid, which on weathering out 
leave the surface porous and pitted. 

Granite blocks supervene at theshorea few rods further-east, 
in great numbers, and that rock is certainly in situ in the im- 
mediate vicinity although it could not be seen. At a distance 
of about three rods from the lake is a small outcrop of granit- 
ized schist which strikes SE and NW, with a dip of 75° NE, ap- 
parently away from the supposed granite in situ. The lake 
shore further east is of drift. 

2157. Northward from this locality about \% mile is a hill 
rising about 150 feet. This hill is of a schistose greenstone 
(2157) cut by at least two dikes of granite. This greenstone 
extends conspicuously, in a low range, northeastwardly not 
far distant from the lake, rising above the drift of the lowland, 
with occasional exposures of intrusive granite. 

2158. Itis apparently the same range of greenstone which 
abuts on Basimenan lake at the southwest corner of sec. 16, 
64-10, and which furnishes the stone which has formerly been 
used by the Indians for making pipes, represented by this rock. 
This is near the shore of Basimenan lake, a short distance up 
the little creek which joins the lake south of the greenstone 
range. The rock here has no schistose structure, and is rather 
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hard for use for pipes, but, according to Vincent Dufault, who 
accompanied this party as guide and general canoeman, the 
Indians found places where it is much softer. 

2159. The dull point just west of the mouth of the river 
coming into Basimenan lake at this place is made of greenstone 
with hornblendic element prominent, even more prominent 


than in 2157, although of the same range. It has a sharply | 


hornblendic crystalline schistosestructure with dashes of gran- 
ite in irregular patches, and in some places the dark green rock 
has a distinct element of light-weathering feldspar. 

2160. SWIYANWY, sec. 22, 64-10, on the south side of Oak 
Point lake. Here is a range of micaceous gneiss, very siliceous 
and fine-grained, almost exactly like that seen on the NW side 
of Urn lake (2153). It is pyritiferous. The hill rises about 
fifty feet. A little further south and east, and extending about 
half way to Little Sucker lake, is a red-weathering granite. 
This becomes gray and extends to the portage landing on Oak 
Point lake, but not to that on Little Sucker lake. About 
midway between the two lakes appears 

2161, which is a siliceous gneiss, very fine-grainea and pyriti- 
ferous and like rock 2060. 

2162. Along the shore of Little Sucker lake in the NW\% see. 
27, 64-10, is a massive greenstone, but with irregularities and 
quartz veins, schistose but not laminated, similar to that seen 
on the south side of Saturday lake. This seems to vary, a lit- 
tle further east, to the flinty rock represented by this number, 
although no observation was made on the manner of transi- 
tion between the two rocks. This fine-grained rock weathers 
nearly as light as a white granitic, and appears to consist very 
largely of fine jaspilitic silica. It is grayish-green within, fibro- 
schistose, but not visibly laminated, rising in boid glaciated 
bosses. On the weathered surface it is pitted by the decay and 
removal of some mineral (pyrite?). The same siliceous, fine- 
grained rock (hardly a greenstone) is in several islands that 
cross the lake in a line toward the west. This rock forms an 
important belt in the Archean, and as a rock mass it is some- 
what different from any rock elsewhere seen. It is apparently 
a dependency of the greenstone, and comes nearest to being a 
jaspilyte liberally mingled with the greenstone elements in fine- 
ly disseminated and comminuted condition. 

The same rock appears on the south shore of Little Sucker 
lake near the portage landing going south to Pine lake, but to- 
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ward the east. It rises steeply from the water, as it does in 
other places, in a glaciated moutonee. 

2163. SW%NE% sec. 27, 64-10. Shore of Pinelake. The 
greenstone here is schistose, but not laminated nor foliated, ap- 
pearing conglomeratic. The pebbly forms, however, may be 
due to brecciation of a formerly sedimentary stratified rock, 
the coarser beds being broken so as to show as isolated round- 
ish masses in the midst of the finer, the whole having suffered 
severe pressure and shearing. 

2163A. Roundish, pebble-like masses from 2163. These 
masses, while greenish, are considerably more siliceous with 
jaspilitic silica, and are occasionally porous with elongated 
cavities as if amygdaloidal and comparable to the bombs of 
the agglomeratic greenstone seen at Ely and elsewhere widely. 
They are usually not over four inches in diameter. 

2164. NW cor. SW, sec. 26, 64-10, Pinelake. A specked 
or pepper-and-salt, greenstone, sostyled by Elftman. The dark 
specks are due to small hornblende crystals; occupies much of 
the eastern part of this lake. 

2165. About on the 1% section line of sec. 26 where it crosses 
the south shore; rising in a conspicuous high shore, rock sim- 
ilar to 2164. 

2166. At the point where the line between secs. 27 and 34 
crosses the lake shore; a slaty schist. 

At the centre of sec. 34, 64-10, Pine lake, is a conglomerate, 
containing jaspilyte and siliceous greenstone pebbles. It rises 
as a glaciated dome directly from the water. The structure, 
dip, strike, etc., cannot be made out with certainty, owing to 
the smallness of the exposure, but a general elongation of the 
pebbles and frequency of short seams, indicate a strike about 
east and west (true mer.) 

The little long island, however, just northeast of the center 
of the section, is of a grayish, amorphous and agglomeratic 
greenstone at the west end, showing no pebbles. It rises 
about thirty feet. The eastern end is of a distinct conglomer- 
ate like that seen at the center of the section, already mention- 
ed, and contains pebbles of fine and siliceous greenstone, and 
jaspilyte. The greenstone end of the island rises higher than 
that composed of conglomerate. The gray, siliceous green- 
stone pebbles are identical with some rock seen on Little Suck- 
er lake (2162). In attempting to find the contact of this con- 
glomerate on the greenstone, the two rocks could be traced to- 
ward each other so that they were separated from four to five 
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feet, but owing to the prevalence of bushes, moss and trees, the 
exact contact was not visible, but there appeared to be gradual 
loss of the dominant characters of each, indicating a gradual 
transition from one to the other, or a basal portion of the con- 
glomerate, composed of fine greenstone debris, which, on be- 
coming solidified, closely resembles the rock from which it was 
derived. 

2167. SW sec. 34,64-10. Warren’s exploration near Pine 
lake. This is a region of hilly greenstone knobs, the rock being 
that which carries fine jaspilitic silicay The diamond-drill cores 
are of greenstone mainly, but also contain some of the usual 
jaspilyte. The fracture and structure of the rock are like the 
same in the rock at Kawasachong falls. The rock contains py- 
rite, calcite, and apparently siderite, and is slickensided by 
mountain pressure and movement. 

2168. Near the section line, north side of sec. 34, 64-10, 
shore of Pine lake. A rigid, coarse, green schist, slaty and 
standing about vertical, appears at the point, and also in the 
bay further south. On the north side of the point this varies 
to a very fine flint, or flinty, gray-green slate, which may have 
been the source of flinty pebbles seen in the conglomerate men- 
tioned, and which is also very much like the flinty greenstone 
of Little Sucker lake. This flinty slate is represented by this 
number. This flinty rock here and at Little Sucker lake is ap- 
parently only a vast jaspilyte bed, or lens, belonging in the 
Lower Keewatin, modified by the cotemporary introduction 
of much fine debris, which, in other places, went to constitute 
fragmental greenstones nearly or quite free from jaspilitic silica. 
The occurrence of small tourmalines in this rock, (2162) 
shows the presence of more or less of those gases which are at- 
tributable to volcanic source, and agrees with the hypothesis 
that the silica itself was due to chemical precipitation in the 
Archean ocean by reason of voicanic action. 

2169. NWYNE\ sec. 32, 64-9, south shore of Moose lake. 
At about a quarter of a mile from the lake. Graywacke here 
strikes a little S of W, with a high dip toward the S._ This is 
about 75 feet above Moose lake, but farther east rises to over 
100 feet above the lake, with still southerly high dip, anda 


schistosity which runs about parallel with the lake. In the , 


graywacke are hits of slate like the slate in which the gray- 
wacke isimbedded and also pebbles of graywacke like itself and 
there are also various sharp flexures and evident fractures in 
the bedding. It isprobable that by brecciation and subsequent 
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compression and shearing a clastic rock which originally con- 
sisted of alternating argillyte and graywacke has been caused 
to contain isolated pieces of one rock in the body of the other, 
and thus to take on the aspect of a conglomerate. Compare 
rock 2273. 

2170. Alittle further east, after crossing the little creek coming 
from Flask lake, is another prominent ridge composed of this 
rock. This is apparently a porphyry and homogeneous, the 
crystals being of feldspar. Its contact is parallel with some 
slates of the formation, but it is also mingled in fragments with 
the slates mutually over a thickness of ten or fourteen inches, 
all elongated in lenticuiar pieces. The porphyry is not observ- 
ably finer at thiscontact. This is NE4 NE sec. 32, 64-9, or 
perhaps a little further east. The field appearance is that of 
brecciation along the line of contact of a coarse-grained stra- 
tum on a fine-grained one, followed by shearing movement and 
pressure. 

2171. This rock is similar to 2170 in being porphyritic. It 
comes fromthe next littleridge. Italso contains ‘‘porphyritic”’ 
hornblende. It is in general a green rock, and a pebbly con- 
glomerate, forming a ridge about 75 feet wide. It can only be 
interpreted as a constituent member of a vast fragmental for- 
mation, and may be compared with the conglomerate seen at 
Kekequabic lake and eastward to Zeta lake. 

2172. Just before descending to Flask creek the country rock 
changes to a coarse conglomerate, dipping at 85° in the same 
direction. The pebbles are of a fine amorphous, gray or green- 
ish-gray, siliceous rock, jaspilyte, greenstone, and are from six 
inches in diameter downward. Some of the pebbles are also of 
flint, and of ‘‘peppery’”’ greenstone. This stratum is 200 feet 
thick. It also contains apparently pebbles of an older con- 
glomerate, in which the pebbles are not distinguishable from 
those of the main formation. This again may bedue to brecci- 
ation. Just before reaching this conglomerate appears 

2173. A fine grained, apparently finely crystalline rock, gray 
and firm. This can be followed somewhat in the manner of a 
dike, about parallel with the general strike, for a distance of 
twenty rods or more, but its width varies considerably. It 
may be compared with Nos. 2263 and 2264; also with the 
porphyritic acid dike near Ely. 

2174. Contact edge of 2173 showing a finer grain as if con- 
tacting on a colder surface. 

2175. A curious, massive-looking green rock, apparently a 
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bed of the conglomerate, but appearing outwardly likea green- 
stone. Twenty to twenty-five feet thick. This is about NW%4 
NW sec. 33, 64-9. 

2176. Fine, brown, granitic rock, which runs hike a dike, 
cutting the conglomerate near its contact with the greenstone, 
on the south side of Flask creek, but running nearly parallel 
with a strike. 

2177. The distinctly conglomeratic portion of the rock in 
this aaa vicinity dips, with the rest, toward the south, 
at 85° under the rock represented by this number, which is an 


apparent greenstone, but still plainly a fragmental rock. It in- 


dicates that, older than the coarse conglomerate, is a consider- 
able thickness of fine greenstone debris, which, when hardened 
and ‘‘recomposed,’’ appears like the greenstone from which it 
was derived. In this are a few, imperfectly rounded fragments 
that were not far transported from their sources, but no band- 
ed variations due to sedimentation. On the weathered surface 
is a siliceous mesh-work which stands above the rest of the 
rock, a character which sometimes serves well to distinguish a 
clastic greenstone from an igneous one. 

2178. SWY%4SW'% sec. 32, 64-9, south of Moose lake. A great 
range of greenstone runs through the country about east and 
west, rising about 200 feet above Moose lake. It issometimes 

agglomeratic, but has forms of greenstone as pebbles, two or 
three inches in diameter, of differing grain and texture, but 
these are scarce. The whole is irregular and frequently much- 
jointed, and it contains occasional narrow belts of red con- 
glomerate. Taken as a whole there seems to be a mingling of 
igneous rock with detrital, perhaps partly due to folding and 
shearing, but in large part probably due to cotemporary 
action of eruptive and marine forces. 

The rock of this number is a curious micaceous greenstone 
that cuts the other greenstone in bosses and dikes. According 
to Elftman there is much of this in the region, and it cuts the 
jaspilyte. This here cuts agglomeratic greenstone. 

2179. The finer parts of the general conglomerate. 

2180. Red-weathering pebble, from the conglomeratic 
banded jaspilyte, near the sec. line between secs. 20 and 21, 64- 
9,but nearer Mooselake. This jaspilyteis here native to the form- 
ation in which it exists, and is at the same time crowded with 
pebbles, and even boulders, of detrital origin. The details of 
this locality are given in the final report, Vol. 1V., in the chap- 
ter devoted to Lake county. It is sufficient here to state that 


STATE GEOLOGIST. 57 


the phenomena of this jaspilyte seem to be demonstrative, not 
only of the great age of jaspilyte but of the theory which as- 
cribes it to chemical oceanic precipitation in the Archeanageat 
a time and place when oceanic forces had fullsway. The facts 
of this occurrence also seem to show that jaspilyte was formed 
in the Upper Keewatin as well as the Lower. 

2181. Fragmental greenstone in which this jaspilyte lies, 
taken on the northwest side of the main jaspilyte band (com- 
pare 2273). 

2182. Jaspilyte, showing close interbanding of other sedi- 
mentary materials, taken along the east side of the main jaspi- 
lyte mass (compare 2274). Still furthereast this graduates in- 
to a green slaty rock, viz. 

2183. A firm,sub-crystalline schist, standing nearly vertical, 
the schistosity coinciding with the sedimentary structure; a 
sort of roughly schistose chloritic argillyte. 

‘2184. On the trail between Moose lake and Flask lake. 
There is a large exposure of conglomerate and graywacke be- 
tween these two lakes. It is sometimes charged with crystals 
of feldspar like the conglomerate at Zeta lake, and sometimes 
appears more like the Stuntz conglomerate, the former repre- 
sented by this specimen. 

2185. Hardened conglomerate, crystalline, approaching 
mica schist. On the face of the rock are boulder forms and ir- 
regular areas of granite, or granitic rock, which weather red. 
SE SW sec. 26, 64-9. This hardened conglomerate isa con- 
dition of the conglomerate of the region, and it is evident that 
the hardening is an incident of nearness to the granitic area of 
Snowbank lake. 

2185A. Conditions of 2185, showing the remnants of strat- 
ification, and some pebbles. 

2186. Conglomerate, from centre of sec. 26, 64-9, Snow- 
bank lake. 

2187. Porphyritic condition of the conglomerate at tenrods 
further west, at the lake shore of Snowbank lake; resembles 
2184. 

2188. Mica schist, lake shore, Snowbank lake, SW1%4 NE%4 
sec. 26, 64-9. 

2189. Quartz porphyry, so-called, cutting 2188, and cut by 
the granite of the region. Same place as 2188. 

At this point the mica schist, ametamorphic condition of the 
conglomeratic and graywackentic formation extending from 
Moose lake, is cut by large dikes of granite, as well as by this 
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porphyry. According to Mr. Elftman, who has been over much 
of the country, this earlier porphyry is a part of a large form- 
ation found toward the south and southwest; the equivalent 
of the porphyry which cuts the greenstones on the Kawishiwi, 
described by Grant, and probably of that seen near Ely. It 
would thus be the source of pebbles seen in the great conglom- 
erate about Moose lake. Be that as it may, and there is much 
reason to doubt it, the gradual change that certainly takes 
place in the rocks of the country #n approaching Snowbank 
lake seems to bring them into such a crystalline condition that 
it is reasonable to consider this porphyry as a culmination of 
that alteration, producing a plastic mass which on any favor- 
able occasion was ready to enter fissures in the surrounding 
strata, and on solidification to appear as dykes, or even as ig- 
neous masses of great size. In this rock are preserved, then, 
not only the feldspars of the original clastic rock, such as al- 
ready noted in the conglomerate about Moose lake, but also 
some of the pebbly forms, for the latter are also visible on a 
weathered surface. That this porphyry is distinct from those 
on the Kawishiwi river and at Ely is shown by the fact that 
this cuts the conglomerate to which those are supposed to have 
contributed pebbles. 

As to the granite, which cuts both the mica schist and the 
porphyry, some of it is distinct pegmatyte, and hence is not to 
be considered a normal intrusive, and some of it is uniform 
granite, there being no observable areal distinction between 
them, except that the former is always in small patches or dike- 
like bodies, and thelatter forms great bosses. How much later 
this granitic formation was than the intrusion by the porphy- 
ry, it is difficult, even impossible to state, on the basis of any 
facts at hand. That is to say, it is not possible to affirm, with 
certainty, whether the granitic intrusion was essentially of 
the same age as that of the porphyry, only differing {rom the 
porphyry by being at the culmination of the epoch of which 
porphyry was the commencement, or was the product of a lat- 
er grand epoch, such as that of the gabbro epoch, separated 
from the porphyry by a long period of quiet. In any case, the 
source of the materials of the granite, from facts already stat- 
ed, and to be stated, was the same as that of the materials of 
the porphyry, viz.: inthe schist and conglomeratic schist of the 
country, by a powerful metamorphosing force which rendered 
plastic and then recrystallized the detrital elements of the older 
rocks. 
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2190. SW%4NE% sec. 24, 69-9. Snowbankjlake. Near the 
head of the little bay, but on the north side of it, is an outcrop 
of a phase of the formation which is not granite nor mica 
schist. It is massive and indistinctly porphyritic, with small 
dim feldspars, or pieces of feldspars. It is finely granular ona 
weathered surface, and shows a grayish red color, the redness 
coming from the feldspars, which have a tendency to that color, 
and the mass of the rock being gray or greenish. It isnot well 
developed as granite. It probably was not in a zone of differ- 
ential shearing but was heated and pressed uniformly. 

2191. Sample from the same place, from the same rock a 
short distance from the shore (say 150 feet). This shows the 
conglomeratic and the finely porphyritic structure, seen in 21- 
90, in the same mass; but as it contains a granite pebble, which 
according to the provisional interpretation offered by Mr. Elft- 
man, can come only from the granitic dikes and masses of the 
mica schist, this conglomerate must be separate and later 
than the Snowbank lake conglomerate, and of the age of the 
conglomerate of Moose lake. 

The conglomerate of Snowhbank lake: The question having 
arisen, in the field-work, of the existence, as above, of two con- 
glomerates, one a micaceous and schistose, and the other the 
Moose lakeconglomerate, and the distance between them being 
reduced here, according to Mr. Elftman, to 150 feet, it was 
deemed best to make a thorough examination of that interval. 
His idea would require no granite to cut the upper one, but on- 
ly the lower; and no granitic pebbles in the lower, but many 
of them, from dikes in the lower, to exist in the upper. 

On landing at the same place again, the first thing to be not- 
iced was granitic boulder-like masses in the supposed lower, 
micaceous conglomerate, immediately at the landing. As it 
was suggested that they might be intrusive masses, like the 
dikes, although entirely isolated, further search was made in 
the same vicinity. These isolated granitic masses do not ap- 
pear like intrusive, or indigenous granite, mere splashes of 
granite half-formed, off-shoots from the rock 2190 penetrating 
the surrounding mass, as seen at Disappointment lake (see un- 
der 2206), but they appear rounded and foreign masses, same 
as that seen in 2191. 

Next it was noted that in passing over the interval to the 
Jocation of rock 2191, a great rock ridge immediately sets in, 
rising from the lakeshore, the rock No. 2190 continuing, though 
much moss-covered, with identical characters across the whole 


60 TWENTY-FOURTH ANNUAL REPORT 


interval to the place of 2191, though perhaps becoming more 
and more crystalline. It is somewhat porphyritic, generally 
dark colored, sometimes a little schistose and micaceous. But 
finding that sample 2191, containing a conspicuous pebble of 
fine-grained granite, came from a lot of loose angular blocks, 
evidently but not certainly the talus of the hill, on a slope 
descending toward the south, it was essential to further exam- 
ine the country rock underlying. The hill mentioned here rises 
still about 175 feet. On ascending the hill it was found that 
the same rock mass continues, though a subordinate crest was 
found to be composed of reddish granite. This granite mus’ 
therefore cut the supposed upper conglomerate. Both of the 
criteria of distinction therefore were negatived, viz., granitic 
pebbles are in the supposed lower conglomerate, and granitic 
dikes cut the supposed upper conglomerate. 

In order to ascertain whether the piece from which was ob- 
tained the sample 2191 was in situ in the immediate vicinity, 
that locality was re-examined, whenit was found that mostof 
the moss-covered blocks are, truly, from a different kind of 
rock, viz.: 

2192. Black, or dark-gray, and like a basic dike, its rela- 
tions not seen. But on skirmishing about a little, and pulling 
off the moss, there was found a largeconglomeratic area, with- 
in twenty feet, containing boulders of granite, and identical, in 
all essentials, with the rock 2191. 

2193. Granite pebble, from the ‘‘lower’’ conglomerate. 

The main hill, which here rises 200 feet, more or less, is made 
of the same kind of conglomerate, with varying degrees of 
coarseness. It is evidently cut by granitic and perhaps by 
other dikes. It follows,so far as this search indicates, that the 
metamorphic conglomerate, seen so abundantly about Snow- 
bank lake, is the same as that seen between Snowbank and 
Moose lakes, and belongs to the base, or near the base, of the 
Upper Keewatin. 

2194. Augite-syenite, from the small island, NE% SW% sec. 
19, 64-8, Snow bank lake (same as 271E, already described 
by Mr. Elftman, who first identified the rock). 

Another examination was made, under the guidance of Mr. 
Elftman, in the north side of sec. 19, 64-8, between Snowbank 
lake and Black lake, of the supposed superposition of one con- 
glomerate (the more northern) over another supposed to be 
older, There is one continuous conglomeratic mass extending 
from one lake to the other, all standing nearly vertical. In the 
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northern part, the strike being nearly east and west,is found a 
noticeable amount of jaspilyte, and little or none of this is seen 
in the southern part. The southern part is also more crystal- 
line than the northern, but it is not a mica schist. These dif- 
ferences, however, are hardly sufficient to establish a distinc- 
tion which would warrant the assignment of the northern part 
to the base of the Upper Keewatin and the southern part to 
the base of the Lower Keewatin, (1) because the absence of 
jaspilyte from a portion of a conglomerate may have been 
caused by the exhaustion of the supply in the later part of the 
period of its formation, or by its being covered by sedimenta- 
tion and protected from further degradation—considerations 
which would gotoshow the greater age of the northern instead 
of the southern part of this conglomerate. If the northern 
strata, at this place, be considered the younger, as believed by 
Mr. Elftman on the basis of the jaspilyte contained in them, 
such variation from no jaspilyte in the older strata to frequent 
fragments of it inthe younger, in thesame conglomeratic mass, 
is not a variation that requires such a profound non-conform- 
ity. Many causes can be invoked for the appearance of jaspi- 
lyte in such a mass at one horizon and not in another. Any- 
thing that would bring the line of erosion and distribution 
from one rock to another, would be sufficient to cause the ap- 
pearance or the disappearance of jaspilyte fragments in the 
process of accumulation of a conglomerate. Subsidence, eleva- 
tion, sudden or gradual, volcanic action, long-continued base- 
leveling, etc., would materially modify the nature of any coarse 
fragmental in process of accumulation. Such variations, in 
respect to other sorts of pebbles, are not uncommon in all con- * 
glomerates. (2) Thedifference in metamorphism isnot marked. 
The southern part is not a pronounced mica schist, while the 
northern part is not free from metamorphism. Indeed, so far 
as could be observed, the metamorphism was progressive from 
north to south, i. e., in the direction toward the granitic area 
of the central part of the lake. 

It should be added that, taken together, these parts seem to 
constitute a great conglomeratic mass, the same as occurs be- 
tween Snowbank and Moose lakes, and quite similar in many 
respects to the great mass frequently named Ogishke, lying 
further northeast. 

2195. Supposed augite-granite (Nos. 271E and 591E, de- 
scribed by Elftman in the report for 1893); just east of the sec- 
tion line between secs. 19 and 20, 64-8, Snowbank lake. 
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2196. Red, fine, porphyritic granite, at the section line be- 
tween secs. 19 and 20, 64-8. 

Disappointment lake. An examination was made of the iron 
ore location at Cheadle’s cabin, so-called from anexploration 
made several?years ago on the south shore of this lake, by Mr. 
Cheadle, for the trying of the iron ore there seen. In ali former 
reports this iron ore has been assigned to the Animikie and the 
facts here observed, taken in connection with what had been 
discovered respecting the rock called muscovadyte, and its re- 
lations to the gabbro and to the Kawishiwin greenstones, 
conspired to cause a considerable alteration in the survey’s 
classification of the iron ores, and in theoretical viewsas to the 
gabbro. The place was visited again in 1898 for renewed in- 
spection, and these views were confirmed. 

2197, SWANEM, sec. 4, 63-8, Cheadle’s cabin. In reaching 
this place the party passed several small points along thesouth- 
west shores of Disappointment lake, which, without close ex- 
amination, appeared to be of mica schist, such as seen in many 
placeson Snowbank lake. Also on the portage from Snowbank 
Jake the same mica schist is seen, cut occasionally by small red 
dikes of granite. This rock is obtained immediately on landing 
at Cheadle’s where is a conspicuous display of fine-grained, non- 
micaceous rock, mainly massive, but conglomeratic in bands, 
gray, firm and resembling muscovadyte. This dips S or SSE, 
at an angle of 45° to 80°. 

2198. Conglomeratic condition of 2197. 

2199. Siliceous iron ore, showing the rock rather than the 
ore, mainly a dark, ferromagnesian rock. 

2200. The same, with more quartz, the last being recrystal- 
lized by the action of the gabbro. 

2201. Low-grade ore. Cheadle’s. 

2202. Gabbro, cutting this conglomerate, at a point 30ft.+ 
further south. The gabbro embraces pieces of conglomerate. 
The conglomerate certainly contains the ore, and they both 
pass under the gabbro, or into it, the average northern limit 
of the gabbro being some further south. 

2203. A piece of the conglomerate (now a fine-grained rock, 
like muscovadyte) at the gabbro contact. 

The large point in the southern part of sec. 33, 64-8, consists 
of hard, subcrystalline, massive conglomerate, in which area 
few hornblendes, but scarcely visible mica-schist characters. 
It cannot be separated from the conglomerate, which is dis- 
tinctly a mica schist. It is cut by a basic dike running about 
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east and west, and about four feet wide. .Westward along the 
shore of this point the country is nearly bare of vegetation, and 
the rock is frequently seen in large surface exposures. It con- 
sists of the same conglomerate as on the south side, cut by sev- 
eral basic dikes, with irregularities of strike, although it is 
nearly ENE. One small granitic dike (8 in. wide) also cuts the 
basic dikes. Toward the west there is an increasing tendency 
to siliceous veining, characteristic of mica schist—such small 
veins as cross each other but hardly make anything more than 
a coarse mesh work in the rock itself, appearing on the weath- 
ered surfaces. It also shows reddened areas, both of boulders 
of foreign granite, and splashes, as it were, of incipient granite, 
of irregular shapes from six inches to two feet across, roughly 
embracing sometiines areas thatarenot red. Many of the peb- 
bles have a zonal structure, green in the centre, then pink, then 
granitic, then hornblendic. 

2204. From a narrow (8 in.) granitic dike, as above. 

2205. Micaceous and hornblendic condition of thisconglom- 
erate, as above. 

2206. Micaceous and hornblendic condition of the same 
from a little further west but still containing numerous pebbles. 

Further west, and south, this conglomerate becomes more 
characteristically a mica schist, as seen widely about the west- 
ern shores of Snowbank lake. Along the west shore of Disap- 
pointment lake it is decidedly micaceous and decidedly con- 
glomeratic, on the hills back from the shore, in the SE part 
of sec. 32, 64-8. Here the rock varies from a firm wackenitic 
formation with many red granitic boulders to a more distinct 
mica schist. The granitic boulders are large and abundant. 
The rock is sometimes distinctly bedded, dipping about 75° to 
the SW, and on weathered surfaces it is red and sub-granitic. 

In the hills mentioned isconsiderablered granite, conspicuous 
from a distance, viewed from the east. This, however, is in the 
form of dikes cutting the conglomerate, the latter rock having 
been broken away from the granite in large blocks, leaving the 
granite exposed. The conglomerate here is not only conspicu- 
ously cut by red granite dikes, but also contains pebbles of red 
granite, as well as reddened splashes or areas where the whole 
conglomerate itself is red. The red-weathering patches in the 
conglomerate seem to be places semi-granitized. This is not 
far from the centre of sec. 32, 64-8, a little SE from the centre. 
The red granite dikes cut several basic dikes. This massive, 
firm conglomerate, can here hardly be called schist, although it 
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has been uniformly denominated mica schist. It is a very sili- 
ceous rock, probably made up of the debris of granite, quartz- 
ose rocks and perhaps quartz porphyry, and was originally, 
where fine-grained, a graywacke. - 

2207. Red granite, from the dikes above. These vary in 
width from a few inches to four or five feet. 

The southwesterly part of the shore of Disappointment lake 
was again examined. 

2208. There is ascarcity of rock exposure; but at SW% 
NE sec. 5, 63-8, the exposed rock shows an approach toward 
mica schist, and also toward the muscovadyte seen at Chea- 
dle’s. Itis rather fine-grained, distinctly bedded, gray, silice- 
ous and apparently hornblendic. 

2209. Nearly the same as the last, but from the extremity 
of the point, a little furthernorth; somewhat coarser and more 
siliceous, quite similar to the rock at Cheadle’s. There can be 
no doubt as to the transition, along the strike, from mica 
scnist to the muscovadyte at Cheadle’s, a fact reported by H. 
V. Winchell in the 17th annual report, pp. 116-117, 1888. 

2210. Northeast end of Disappointment lake. Somewhat 
more greenish and less quartzose, but still a part of the same 
conglomerate. 

The results of observations about Snowbank and Disappoint- 
ment lakes in 1897, may be summed up, as they appeared at 
that time, about as follows: 

1. The conglomeratic formation about Moose lake, extend- 
ing to Snowbank lake, is reasonably considered as one. 

2. At Snowbank lake it becomes micaceous and hornblendic, 
and constitutes, in that form, many prominent topographic 
features about the western and northern shores. 

3. It is cut by graniticdikes in many places, especially when- 
ever it has the micaceous and hornblendic composition. 

4. The red granitic dikes cut a coarse augite granite on the 
north shore of Snowbank lake, and this augitic rock may be 
older than the conglomerate. We have no evidence on that. 

5. Much of the eastern and northwestern shore is also com- 
posed of this conglomerate, but the southeastern is occupied 
by a coarse gray granite. 

6. Atthe portage to Disappointment lake the rock is con- 
glomerate mica schist, cut by granite, but near Disappoint- 
ment the schistose character is less pronounced, and the con- 
glomerate is a massive hard rock, the boulder forms often be- 
ing perfect and frequently of granite. 
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7. Throughout Disappointment lake the shores are ap- 
parently of this conglomerate. 

8. It becomes micaceous in the vicinity of granitic dikes 
and the mica schist, at least toward the south, becomes the 
muscovadyte, so called, in the Minnesota reports, in the vicini- 
ty of the gabbro, and has not in this form been distinguished 
from the muscovadyte of the Lower Keewatin. 

9. The effect of the granitic revolution, on the older rocks, 
appearssometimes more profound than that of the gabbro, and 
extends a greater distance from the present outcrops of the in- 
trusive rocks. Inthe lattercase also the earlierstructures (bed- 
ding, boulders, etc.) are more obscured, the rock becoming 
nearly homogeneous and massive. The effect of the granitic 
revolution was profound and widespread, the gabbro revolu- 
tion was intense and more local. 

10. The gabbro cuts through the conglomerate, appearing 
in tongues and sills for some distance (say 300 feet) north from 
the general limit of the gabbro. The conglomerate was fol- 
lowed southward about 150 feet from the point at which the 
iron ore appears. 

11. The gabbro varies considerably, often taking the form 
of an igneous muscovadyte, and having its coarse homogene- 
ous structure only at some distance south from the point at 
which its gabbroid characters are recognizable. ; 

12. Theiron ore isin this great conglomerate, and not in 
the Animikie, and was undoubtedly originally jaspilyte, like 
that seen westward from Moose lake, on the portage to Wood 
lake, the alteration being due to the general revolution which 
produced the gabbro. 

13. There is but one conglomerate, so far as can be seen; 
it was converted to a micaceous, and sometimes a hornblendic, 
rock at the time of the granitic disturbance; and this mica 
schist now passes to muscovadyte toward proximity to the 
gabbro. At the same time this tendency toward muscovadyte 
is within a belt of country which seems to be occupied by clas- 
tic greenstone containing occasional lodes of jaspilyte. This 
belt of clastic greenstone, now altered to muscovadyte with its 
olivinitic magnetite, runs southwestward toward thesouthern 
confines of Birch lake, and is the same belt which has uniform- 
ly been considered, hitherto, to have been composed of the 
strike of the basal portions of the Animikie. 

- 14. The normal gabbro has an intimate association with 
this muscovadyte. 
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15. This conglomerate has to be parallelized with the Up- 
per Keewatin. It is earlier than the granite which cuts it 
about Snowbank lake, but later than the granite on which it 
lies at Saganaga lake. 

16. There is no evidence here to connect the Animikie with 
this conglomerate. The Animikie exists nowhere in theregion. 

17. It is apparent that in some places the granitic dis- 
turbange came upon the Lower Keewatin, and in others upon 
the Upper. In the former case hornblendic schists, and more 
rigid and uniform mica schists result, (and it is possible that 
this preceded the granitic revolution which gave dikes in the 
conglomerate), and in the latter the conglomeratic characteris 
more persistent, with development of scattered small horn- 
blendes. 


[NoTE.—It is important that the granitic area of Snowbank lake be further exam- 
ined for the purpose of delimiting the granites, which seem to occur there, of two dif- 
ferent dates. It may be also that there is a Lower Keewatin conglomerate, viz. that 
which is seen at Cheadie’s, passing to muscovadyte through mica schist, and an Upper 
Keewatin conglomerate, viz. that cut by the red granitic dikes and other granite. ] 


On returning to Tower, by way of Prairie portage, an ex- 
amination was made of the river flowing from Sucker to Basi- 
menan lake. Itisa large streamand has a water-fall and rapid 
descent immediately at the outlet of Sucker lake, the barrier 
being granite or granitized schist, the whole fall being about 
30 feet. 

2211. Light colored granite, at the outlet of Sucker lake. 
The general aspect of the structure is that of intrusion in the 
schists, which are crumpled and subcrystalline. 

2212. Squeezed schist, same place. 

Lower down, on the Canadian side of the stream, is an ex- 
posure in the bank which is of a rock in some places granitized 
and in others subgranitized schist, viz. 

2213. Granite, at the river, Prairie portage. 

2214. Granitized schist, Prairie portage. 

The schists of the region are sericitic and fragile, when 
weathered, and occasionaliy become argillyte and graywacke. 


Rock SAMPLES COLLECTED BY N. H. WINCHELL IN 1898 
WITH FIELD ANNOTATIONS. 
Third Visit to Snowhank Lake. 


The Kawishiwi River. At the west end of the short port- 
age going from the Kawishiwi river (Centre of SW\% sec. 30, 
63-10) is a knob of granite causing rapids. This granite has 
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been examined and mapped by Grant (20th report). The Ka- 
wishiwi river proper was left at the next bay (east) where an- 
other portage leads to Clearwater lake, to NEY NE sec. 31, 
63-10. Occasionally on this portage the mica schist is seen to 
be conglomeratic, like that at Snowbank lake. “The granite 
permeates the schist in a multitude of small dikes and veinings, 
often in all directions, and the schist itself is granitized where 
acid. Where not acid, or where basic dikes cut it earlier than 
the granite, the resultant rock is a dark hornblendic one. 

2215. NE%NW% sec. 5,62-10. On the south side of the 
large triangular island surrounded by the Kawishiwi river. 
This rock comes from the point at which in 1886 was noted 
firm, tough ‘‘greenstone’’ in the report for that year (16th Re- 
port, p. 342), but it is not normal greenstone, as that term is 
now understood. It is a fresher rock than the greenstones, is 
distinctly crystalline, rather coarse-grained, and dates from 
the epoch of the intrusive granite, approaching dioryte. Itisa 
dark granitoid rock, a variant from the granites of the imme- 
diate vicinity. This occurs on both sides of the little bay, and 
particularly on the south side. 

2216. Another, but similar phase of the dark rock 2215. 
North side of the little bay. 

2217. Still another phase, from the south side of the same 
bay. The structural relation of this rock to the red granite is 
not visible, but apparently there are intermediate stages of 
acidity, due to the acquirement of quartz and orthoclase, 
through which the dark rock gradually passes into the regular 
granite. : 

2218 illustrates a stage in this transition, and 

2219 is another, a red granite with much hornblende. These 
last two are from the same shore farther west. 

2200. A short distance further west; darker than 2218 and 
2219, but lighter than 2215-17. 

It is an important observation that, as above, this fresh 
eruptive dark rock, which might be called greenstone, with a 
qualification, shading through dioryte passes into hornblendic 
granite. All stages of this transition could be represented by 
samples. In one direction the rock, for the most part, is dark 
and green and in the other it is a distinct red granite, but in 
some places knobs and areas appear that show intermediate 
stages. This local difference in the acidity of the crystalline 
rock is believed to be due to local variations in the acidity of 
the original clastic rock from which the igneous rock was 
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locally produced by intense metamorphism, which here reached 
the point of fusion. The original structures are entirely lost, 
and the present conditions are only those of a massive crystal- 
line rock. . 

2221. At the narrows of the Kawishiwi river, NE%SE% 
sec. 5, 62-10, a little west of the’so-called ‘‘Palisades’”’ of the 
Kawishiwi. This rock forms a small knob on the north shore. 
It is a fine-grained ‘‘greenstone,’”’ or hornblende schist and is 
cut by many veins of red granite, and seems to be finally whol- 
ly replaced by the palisade rock. It is sometimes very fine- 

grained, as if it had chilled by contact on a colder rock, but 
that could not be on the red granite. The sample shows some 
disseminated red feldspar, which is not the usual thing. 

2222. Fine-grained sample of this rock; composed appar- 
ently largely of fine horneblendes, with some feldspar equally 
fine; sharply crystalline, hardly a schist, though having a 
schistose rift. 

2223. Centre WY% SW% sec. 3, 62-10; south Kawishiwi 
river. Back from the shore a few rods is a ridge of gabbro. In 
this gabbro, in spots, are angular pieces of muscovadyte, from 
two or three inches to eight inches in diameter, the gabbro 
passing round them. 

2224. (Specimen missing.) NE%4 NW sec. 3, 92-10; at the 
granite contact on the gabbro, at the river shore. A gray but 
red weathering rock, fine-grained, apparently intermediate be- 
tween gabbro and granite, forms a low point having an un- 
favorable exposure. There is no evidence that the gabbro had 
any connection with this in age or genesis. 

Again at two points were noted the easy transition from the 
red granite of the region to the coarse gray dioryte, even on the 
same rock surface, within six feet. Fine, red aplitic dikes cut 
both. The hornblendic element in the dioryte is the chief point 
in which this differs from gabbro, and at a distance such gray 
dioryte, when fine-gr alae? is easily mistaken for gabbro. 

9225. NEWYSW' sec. 24, 63-10, on the portage from Ka- 
wishiwi to Triangle lake, near the Kawishiwi. The granite 
continues but a short distance north of the river, but passes 
through a schistose lamination, the laminations being of fine, 
or red felsitic, rock, separated by thin sheets of green sub- 
stance which is fine and apparently allied to the greenstone 
which supervenes next north. 

2226. From a large inclusion of greenstone in the granite, 
near the same place as 2225. 
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2227. At the corner of secs.8,9, 16 and 17, 63-9, is a prom- 
inent greenstone ridge which extends NE and SW. It appears 
fresn, fine-grained and diabasic, but much of it is agglomeratic. 
The sample represents the non-agglomeratic. 

2228. Diabase dike cutting 2229; these are narrow, reach- 
ing 4 ft. They show sometimes clustered crystals of plagio- 
clase, like the sills at Gunflint lake, and are equally fresh. 


Porphyry of the Lower Keewatin. 


2229. Two hundred paces south of the %4-post, east side of 
sec. 8, 63-9, southwest of Snowbank lake. A large area ex- 
tending westward from this place is occupied by a peculiar 
light-weathering porphyroidal rock whose structure and rela- 
tion to the greenstone, and whose origin, are very interesting 
and important in the solution of the geological questions of the 
Archean, but whose peculiar phenomena cannot be fully set 
forth here.* In general this rock is massive. 

No. 2229 furnishes much debris to the conglomerate 2230. It 
is apparent, from all the facts observed, that the rock 2229 is 
a member of the Lower Keewatin. 

2230. In the main a greenstone. It contains pieces, near 
the contact with 2229, both rounded and angular, of 2229, 
and constitutes a conglomerate of later date than 2229. 

2231. Fragmental-(?) greenstone, a part of 2230. This 
rock has firm, fresh, uniform, massive aspect. 3 

2232. Ata quarter of a mile north of the east %4 post of sec. 
8, 63-8, the rock is gray, siliceous, hardly porphyritic, a near 
approach to graywacke. This is apparently a variation in the 
rock 2229, the great porphyry of the region. This continues 
further north, without much variation, for quite a belt, when 
suddenly a green phase comes on, resembling 2231. This rap- 
idly fades out into a bluish-green, coarse, schistose slate, then 
to lighter, coarse slate or graywacke. This continues north- 
ward to the swamp, where the section corner-post stands. 

2233. North from the same swamp; a bluish-gray rock, 
hardly a slate, striking north, 52°W, standing nearly vertical. 

2234. In another swamp, at 52 paces south from the sec- 
tion corner of sec. 9, are low moss-covered knobs of slate lke 
2233, and in close proximity to them is found this greenstone, 
probably a dike running with the formation northwestwardly. 
Outwardly, however, this is hard to distinguish from 2231. 

2235. A greenstone which carries masses and pebbles of 
porphyry (2229) from in. to %1in. in diameter, strung out 


*Compare the chapter on Lake county, final report. 


70 TWENTY-FOURTH ANNUAL REPORT 


NW and SE in a pseudo-sedimentary manner. The two rocks, 
porphyry and greenstone, are irregularly mixed, each occur- 
ring in isolated knobs, but in general the porphyry is in smaller 
masses in the greenstone. This is on the north line of sec. 8, 
63-9, about a quarter of a mile west of the northeast corner 
of the section. 

2236. From a dike 650 paces west of the corner post, about 
2 feet wide, running N and §S, across the quartz porphyry, or 
porphyrel, may be compared with 2235. This dike runs ‘‘un- 
der Copeland’s cabin,”’ i. e. through the ruins of that cabin, 
now burnt. 

2237. At 670 rods west from the same corner post (i. e. 
NE cor. sec. 8, 63-9) four rods west of the above cabin. At 
this place the porphyry, so-called, presents fragmental charac- 
ters. It is roughly schistose in a direction E25°+N, and 
ridged with interrupted finer belts resembling siliceous argil- 
lyte. It holds pieces of greenstone, and of slaty greenstone 
varying in size from 10inches downward, (rounded) to half an 
inch, also pieces of jaspilyte, and rovnded quartz. The slaty 
greenstone is like argillyte and runs usually with thestructure, 
standing on edge. The rock contains much quartz in grains 
less than a pea in size, but also as large as an inch in diameter, 
the last being very rare, while other quartzes, as if pheno- 
crysts in quartz porphyry, are abundantly disseminated. In- 
deed the bulk of the whole rock consists of more or less round- 
ed fragments of orthoclase and quartz lying in a pellucid ma- 
trix which appears to be quartz, essentially, sufficiently abund- 
ant to keep the quartz and orthoclase grains from interlock- 
ing, but apparently allowing them to come loosely into con- 
tact. 

2238. In other places nearby are other variations in this 
porphyry. It may hold distinct crystals of orthoclase in 
abundance, or none at all. It also varies to a fine-grained 
gray rock with no apparent quartz nor feldspar as crystals, 
but yet on close examination it is seen that fine quartz grains 
are still present. Inother cases it holds vitreous quartz grains 
surrounded by a mesh of quartz which is like that of the jas- 
pilyte, i. e. very finely granular and interlocking. The speci- 
men having this number represents such “‘chalcedonic” quartz, 
as matrix for vitreous quartz grains, frorh about a quarter of 
a mile north of Copeland’s cabin. If this be real ‘‘chaleedonic”’ 
silica, same as that of the jaspilyte lodes, it raises the hypothe- 
sis that the whole mass of this quartz-porphyry with its vart- 
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ations may be due to oceanic precipitation followed by the 
formation of phenocrysts, sometimes of quartz and sometimes 
of orthoclase, and sometimes of both, from the hot solutions 
of the Archean ocean, the whole having been at first a siliceous 
and alkaline mud. It seems, from the field observations, that 
this rock which is usually accepted as an igneous one (1. e. the 
quartz-porphyry), presents occasionally characters that are 
usually accredited only to those rocks that are of oceanic orig- 
in. Thesefragmental signs are indistinctly seen in much of this 
rock, but outwardly, and megascopically, it appears like a 
massive quartz porphyry. Its age is very near that of the old- 
est greenstone. In no place is it seen to be intrusive on any 
rock, so far as examined, at least not on that older greenstone. 
Quartz porpnyry of later date is known to be intrusive on the 
Upper Keewatin, as at Snowbank lake, but that may be at- 
tributed to subsequent plasticity of this mass in some of its 
deeper-seated portions, under the influence of pressure and fold- 
ing. The occasional signs of fragmental accumulation seen in 
this rock would, in that case, be the result of erosion and trans- 
portation and sedimentation, identical with the saine in nor- 
mal sedimentary rocks. 

2239. In aswamp next further west from the last, but dis- 
tant from it not more than twenty rods, appear small isolated 
outcrops of asub-granitic rock, somewhat resembling the gran- 
ites of Kekequabic lake, probably of the same date and origin. 

Passing westward through thisswamp and ontothe spur of 
dry land coming from the north (NE%4 NW sec. 8, 63-9) the 
porphyry, or porphyrel, appears in isolated patches and belts, 
sometimes having the appearance of intrusive relations to the 
greenstone, i. e., to a greenstone, although such areas and 
belts might have been formed, so far as can be seen here, by the 
folding and twisting which the rocks have suffered. The por- 
phyry occurs suddenly in knobs and small areas, sometimes co- 
incident with the schistosity of the greenstone and sometimes 
across it. This greenstone is the later greenstone, contains 
small deposits of jaspilyte, is non-agglomeratic, yet massive. 
It differs from the agglomeratic, or fundamental, greenstone; 
(1)it is not agglomeratic; (2) with a hand-glass it can be seen 
that the green, hornblendic element is roundish, and is em- 
braced ina mesh-work of the whiteelement which is apparently 
silica, which on weathered surfaces stands out above the horn- 
blendes, giving asharp roughness. This siliceous element is so 
abundant in some ridges that it gives the rock a white appear- 
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ance of weathered porphyry. In an igneous greenstone the 
white element, which is feldspathic, weathers away faster than 
do the hornblendes, and the latter mineral forms the promi- 
nent roughness. (3) It holds detached masses of the porphyry, 
and is, apparently,in somecases intruded by the porphyry, and 
brought into abrupt contact with it by folding. 

2240. Sample of the conglomeratic (?) transition from the 
porphyry to the later greenstone. Same place as 2235; same 
horrizon as 2230. This rock is wholly composed of debris, 
mostly of pieces of porphyry, but partly of greenstone. The 
pieces of porphyry are not, now, markedly of rounded outlines, 
and seem not to have been worn long by waveaction, but they 
are of all sizes from several inches in diameter to mere grains, 
and some of them are of white jaspilitic quartz. This is illus- 
trated by plate Z, Vol. IV, final report, from photographs. 

This porphyry is a great formation. It was at first estimat- 
ed at 1000 feet in its extent north and south, but later obser- 
vations indicated that 2000 feet would be nearer the truth. 
There is much reason to believe that it is wholly an oceanic 
formation, and that the ‘‘contacts’’ which it makes suddenly 
upon the greenstone are due to folding and displacement. Not 
enough detailed examination was made to establish that idea _ 
for all the area of its extent, but what was seen in the region 
examined would not negative that hypothesis. Such isolated 
contacts would be therefore like the displacements of limestone 
and gneiss in the Adirondacks which mutually penetrate each 
other along the plane of superposition. But the fragmental 
transition, such as illustrated by rocks 2240 and 2230 can 
hardly be taken for anything but a detrital phase, incident to 
oceanic accumulation, in passing from one rock to another. 
This not only makes two greenstones, separated by this por- 
phyry, but implies a great and sudden variation in the nature 
of the materials undergoing oceanic accumulation. Through- 
out most of the northern part of the state where this green- 
stone formation has been studied, no such body of porphyry 
has been found. That at Kekequabic lakeis the most impor- 
tant seen up to this time, and at that place there is no such 


good opportunity to examine its structural relations. It has 
to be allowed a place in the Archean separating at this place 
what has been called the Kawishiwin into two great members. 

The remarkable thing about this porphyry ts its acid charac- 
ter, as it lies between two basic rocks. While it seems to bea 


rock accumulated by oceanic forces it does not show plainly 
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any sedimentary structure. It is mainly massive and looks 
like an igneous rock, as much so as the fragmental and mas- 
sive greenstone. There is no known earlier granitic rock 
whose disintegration could have furnished this as a detrital 
product. It contains no pebbles of granite—only pebbles that 
can be referred to the earlier greenstone and some of its 
accidental variations, including jaspilyte. Hence it is a prob- 
lem to assign a source to this great acid mass. 

If we allow the chemical precipitation of the silica of the jas- 
pilyte in the midst of the greenstone Archean, or closely follow- 
ing the congealation of the earliest greenstone crust of the 
earth, thus producing the jaspilyte masses which everywhere 
occur in the greenstone, it is reasonable to presume that those 
conditions may have been prolonged in time ana intensified in 
degree as well as extended in area, and that under favorable 
circumstances an enormous amount of siliceous mud, varying 
occasionally to pure silica, may have been produced. There 
have been noted repeated instances of the gradual passage, by 
inter-stratification, from jaspilyte to argillyte, and to a chlo- 
ritic schist, as well as to iron ore.’ In one remarkable instance 
such banded jaspilyte has been seen to be at the same time a 
coarse conglomerate, showing that violent agitation, as well 
as chemical precipitation, was an attendant of the Archean 
ocean, both taking place, in some cases at least, at the same 
point and simultaneously. 

Under conditions producing chemical precipitation of silica, 
if the Archean ocean was deep, and if the precipitation was 
rapid and abundant and the mass cooled slowly (for the Arch- 
ean ocean at this time must be considered to have been heat- 
ed) it might be that crystals of quartz of considerable size 
would be formed throughout the mass, and that all the 
quartzes of this porphyry may have originated, in some such 
manner as selenite, pyrite and other crystals form in a mud 
that holds theelements of those minerals in saturated solution. 
The general absence of a banded stratification, under this hy- 
pothesis, is the greatest obstacle; but if the precipitate accu- 
mulated rapidly it must have been subject to the same forces, 
whatever they were, which excluded the banded structure from 
great thicknesses of fragmental greenstone, and from greater 
thicknesses of the Ogishke conglomerate, and from the Stuntz 
conglomerate. It is perhaps dueto copious and quick accumu- 
lation that the sedimentary structure is not seen in some large 
and important fragmental terranes. A subsequent crystalliza- 
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tion of the mass would also result in the obscuration, or the 
obliteration of the sedimentary structure, a fact seen in many 
great limestone strata of the Silurian, 

If, however, as seems to be proved by the presence of ortho- 
clase crystals in this porphyry, the precipitate was not wholly 
of silica, but included a considerable amount of potassa, the 
crystallization of such a deposit of alkaline mud would not 
only re-arrange the molecularstructure of tbe deposit through- 
out its whole thickness but would still more effectually destroy 
whatever sedimentary structure the ocean may have stamped 
upon it. Elsewhere it has been shown by the writer that 
potassium was probably retained as an element of the atmos- 
phere, after the solidification of the first crust, for a period 
long enough for the cooling of the crust and the ocean’to bring 
potassium within the bounds of possible condensation and pre- 
cipitation.* This is an inference from the observed later intro- 
duction of acid-alkaline rocks in the Archean than the ferro- 
magnesian. It is a striking coincidence with that argument 
that, here, the oldest known acid rock not only shows signs of 
oceanic agency but also embraces, along with phenocrysts of 
quartz, those of orthoclase, and that the fine matrix of these 
phenocrysts is both siliceous and alkaline, in a state of fine 
crystallization. . 

The heated waters of the Archean ocean had, at the date of 
this precipitation, only been able to accumulate by the ordi- 
nary methods of detrital sedimentation, a coarse ‘‘mud- 
conglomerate,’’ a stratum seen at this place to have a thick- 
ness of about 105 feet, made up wholly of roundish and more 
or less squeezed greenish pebbles. This band sometimes has 
been designated a ‘‘greenstone conglomerate”’ from the nature 
of its pebbles, but in other cases it has been styled ‘“‘mud con- 
glomerate,”’ from the fineness of their grain and the smooth- 
ness of their outlines, which also indicates an original plastici- 
ty. Under such conditions not only would the alkaline ocean 
hold in solution much silica, but such silica would, with alum- 
ina (also present as a product of decay and dissolution of the 
greenstone crust), necessarily unite to form such minerals as 
orthoclase. Hence would result, possibly, a rock as an ocean- 
ic product which is usually considered a normal igneous rock. 
Even with this origin for the earliest acid rock, which is here a 
quartz-porphyry, this rock is not far removed from the same 
operations and the same agencies as those which are called ig- 


*The origin of the Archean igneous rocks. American Geologist, XXII, 299, 1898. 
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neous, for heat and moisture and plasticity are the essential 
conditions for the production of all acid igneous rocks unless 
they be derived from some premordial magma. This explana- 
tion differs only in requiring a lower degree of heat (less than 
the boiling point of water), a longer period for crystallization 
and an enormous scale of operation, as contrasted with the re- 
stricted limits of normal volcanic action. It also implies the 
formation of the rock over broad expanses of the ocean’s bed 
rather than in the reservoir’s of the earth’s crust; and as a 
corollary it points to the porphyritic rather than the granitic 
as the structure assumed by the earliest acid rocks. 

2241. At 430 paces west and about 80 paces south of the 
NE cor. of sec. 8, 63-9, is a conglomeratic place in the porphy- 
ry. Toward the NE from the porphyry can be seen a gradual 
change, the rock beginning to appear pebbly mainly with 
quartz-porphyry pebbles, with quite a number of greenstone, 
hard flinty slate and jaspilyte quartz and gray quartzyte. The 
change is within a foot and there is no apparent base for the 
conglomerate. The distinct conglomerate has a thickness of 
about 20 feet and grades off to graywacke which is distinctly 
bedded. The pebbles of the conglomerate are small and the 
rock so gradually grades into the non-conglomeratic kind that 
it is impossible to point out the contact with the porphyry 
proper. The transition is as indistinct as that from the Sagan- 
aga granite to the overlying base of the Ogishkeconglomerate, 
at the northwestern corner of Saganaga lake. It seems quite 
likely that here the true base of the Upper Keewatin is seen ly- - 
ing on this Lower Keewatin porphyry. This specimen repre- 
sents the porphyry at the exact contact on the greenstone, 
where the change is sudden, like an igneous contact. 

2242. Porphyry at 10 feet from the same contact. These 
show no difference in fineness of grain, even the porphyritic 
crystals of quartz and feldspar continuing of uniform size upto 
the exact contact plane in No. 2241. 

Going north on the section line between secs. 4 and 5, 63-9, 
only graywacke and slate are encountered, with a strike N 50° 
W at first, but veering to N 20° or 30° W. This has the ap- 
pearance of being a part of the Upper Keewatin in the syncline 
of a fold the south arm of which would lie against the porphy- 
ry and greenstone above mentioned. In some places itis inter- 
sected by greenstone dikes which are frequently pinched out by 
the folding pressure. 

2243. Sub-granitic narrow dike running with the structure 
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in the foregoing slate and graywacke. It is plain by the struc- 
tures that before the general twisting and kneading this slate 
and graywacke contained both greenstone dikes, sub-granitic 
dikes and large amounts of vein quartz, for these all shared in 
the close folding. The rock was in some cases closely broken 
and thrust zigzag and back upon itself, for it is in some belts 
shattered finely, so that no general nor special strike norstruc- 
ture remains. In general the dip is nearly vertical. 

2244. Near the quarter section post, before crossing the 
creek, at Nelson’s cabins, the graywacke is normal, but ata 
little further west is a ridge of this rock. It is quite similar to 
2243, but as it is in large amount its variations can be studied 
to advantage. It is rather homogeneous, massive like an igne- 
ous rock and spreads irregularly over several knobs, plainly in- 
trusive in its action. 

2245. On looking about over these knobs it appears that 
this rock is generally finely porphyritic with feldspar, and had 
originally pebbles of porphyry and fragments of a dark rock, 
constituting a conglomerate, showing in spots traces of a sed- 
imentary structure, and really is but a condition of some parts 
of the fragmental formation. Yet it appears likerock 2243, and 
is massive as a granite, having angular cross-jointage. The 
appearance and action of this intrusion is quite similar tosome 
of the granite of Kekequabic lake. Nos. 2243,44 and 45 consti- 
tute a series showing what outwardly indicates intrusive and 
igneous action of a rock that originally was fragmental, and 
which still retains (in No. 2245) unquestionable pebbly forms 
of different kinds of rock. This, however, all appears to be- 
long tothe Upper Kewatin, and may be said to repeat the phe- 
nomena of Kekequabic lake, on a small scale. 

2246. At the same place, but a little to the east of the N-S 
section line is a dike of porphyritic granitic rock which may be 
an apophysis from 2245. Thisis 700 paces northand 50 paces 
east of the south section corner. The rock that this dike cuts 
is a gray sub-crystalline condition of the formation; and if 
2246 is derived from the same mass as 2245 its connection 
would be at such depth as to allow for a considerable degree 
of difference from that mass, i. e., a more complete fluidity and 
amore thorough recrystallization, on the one hand or on the 
other, for its production forms a different phase of the clastics. 

Ata little further north the dip varies from vertical to 70° 
and finally to 45° southeast. On the north side of the next 
creek, about half a mile north of the section corners of 4, 5, 8 
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and 9, 63-9, is a fine greenstone pebbly conglomerate, exposed 
for at least 25 feet. 

At 200 paces north of the east 4 post of sec. 5, is a ridge of 
greenstone, evidently thesource of theconglomerate mentioned, 
constituting the north side of thesyncline. In this the schistos- 
ity runs E 20° N which makes a large angle with that of slates 
and graywackes next further south. 

2247. On the town line, north side of sec. 5, 63-9, not far 
from the jake; a gabbroid rock in which apparently pyroxene 
and magnetite (?) exist, the latter being reddish, and perhaps 
rutile, or some other titanium mineral. This, at one place at 
least, has a sharp contact on a schistose and conglomeratic 
greenstone containing jaspilyte in considerable masses. It 
differs from the greenstone containing the jaspilyte in that the 
hornblendes (or pyroxenes) produce the prominent roughness, 
the feldspathic ingredient occupying the depressions on the 
weathered surfaces, while in thenormal greenstone of this place 
the roughness is produced by a white siliceous net work which 
permeates the rock and stands out on weathered surfaces. 
There is no doubt that this point is in the Snowbank lake zone 
of metamorphism, and it may be that the old greenstone, 
whether igneous or fragmental, has been metamorphosed or 
even fused so that on cooling it would give a gabbroid rock, if 
not a real gabbro. 

2248. Still further west, not far from the west end of the 
lake (which is near the section line running north in the next 
town) is a sub-porphyritic granite. This acts at first like an 
intrusive, but rapidly widens out in the schistose greenstone. 
This specimen comes from 10 feet from either side. 

2249. Is from the same rock further along where it rises in- 
to a prominent knob, isolated and about 25 feet high. 

2250. Same rock at its north contact on the greenstone. 

This rock has much pyrite in scattered cubes, is gray within, 
fine-grained and scatteringly ‘“‘porphyritic’’ with a feldspar. 
Its southern line of contact on the greenstone is curious, for it 
is mixed with the greenstone very confusedly. There are many 
angular pieces of the porphyry in the schistose greenstone 
through an interval of six or eight feet, and in many places 
these two rocks both appear to share in that confusion, there 
being many pieces of the greenstone mingled with the debris of 
the porphyry. It is difficult or impossible to decide whether 
the porphyry, as an intrusive, has spread itself amongst the 
greenstone, involving and surrounding many pieces, and itself 
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losing many, or whether the greenstone as a fragmental has 
formed a basal sedimentary contact on the porphyry—or 
whether, again, this confusion is due to friction and breccia- 
tion along a plane of contact between the two rocks. What- 
ever the cause, it is apparently at the same horizon as seen 
near the section line between sec. 5 and 8, three-fourths of a 
mile further south. This is probably the rock that forms fine- 
grained, red weathering dikes in the upper greenstone which 
holds the jaspilyte along the south side of this lake, and in the 
graywackes near Nelson’s cabins, as described. These are all 
later than the great quartz porphyry and belong, apparently, 
above the agglomeratic greenstone. They are hence liable to 
be intruded by that porphyry, in some of its apothyses, if on 
metamorphism that mass should become plastic. 

2251. From anarrow red dyke, or vein (perhaps from 22- 
48) three inches wide cutting the greenstone 2252 in a winding 
zigzag course along the side of a vertical cliff which looks NE. 
This is nearly as fine and siliceous as flint or felsyte, and the 
only mineral besides the fine-grained quartz, or mesh of quartz, 
which can be identified, is pyrite which is sprinkled sparsely 
through the rock. 

2252. Dioryte, having a gabbroid look. Occurs irregularly 
over considerable areas in the midst of the general greenstone, 
which is also cut by 2251. 

2253. In the rock 2252 are also several siliceous, sprawling, 
dike-like areas of a granitic rock, nearly white. 

At the west end of this lake, which is SW1%44 SW sec. 33, 64- 
9,is a large boulder of well characterized gabbro, and at a 
short distance further north, on the section line, are numerous 
such pieces. 

2254. Finally, atthe west end of another small lake a fresh- 
looking greenstone or dioryte appears rather suddenly, cutting 
a coarse conglomerate which is probably near the bottom of 
the Upper Keewatin. This is not gabbro, but has conspicuous 
plagioclases. At the contact with the conglomerate it is very 
fine grained. 

The conglomerate is a coarse and conspicuous rock, contain- 
ing pebbles of greenstone, jaspilyte, agglomeratic and amyg- 
daloid, slaty and flinty pieces from slates and graywackes that 
lie further south, and of a fine-grained, porphyritie granitic 
rock similar to 2246. It must be considered the base of the 
Upper Keewatin, and the equivalent of the Ogishke conglomer- 
ate. 
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It appears, therefore, that in the Lower Keewatin is a non- 
conformity, or basal conglomerate, viz., that above the ag- 
glomeratic greenstone, that being the oldest known conglomer- 
ate, and apparently the base of the clastic series of this part of 
the state, and lying much lower than the base of the Upper Ke- 
watin. Its pebbles consist almost wholly of greenstone, or 
greenstone mud. (See under No. 2240.) 

On ascending the bluff on the north side of the lake at which 
occurs the foregoing Ogishke conglomerate the route passes at 
once over an area of 2254, which forms a great display. It is 
a kind of gabbroid rock, but probably dioritic. This indeed 
forms the next hill range, and apparently cuts older yreen- 
stone. 

2255. The same rock as 2254, but showing an imperfect 
amygdaloidal structure in certain narrow belts, the fillings be- 
ing pinkish white, hard and indistinctly radiated, as large as 
peas; and some of them also green and one-half an inch in di- 
ameter. 

2256. Same rock, showing the white fillings. 

2257. Showing the green bunches, which seem to be fine- 
grained parts of the rock itself, having its fine hornblendes ar- 
ranged in a stellate manner. 

2258. Thirty paces north of the quarter post, west side of 
sec. 33, 64-9. Same rock, very coarse, forming a rough coun- 
try, the ridges running a little north of east. The hornblendes 
are conspicuous and stand above the weathered surface. 
the next ridge is sharpand consists of agglomeratic greenstone, 
rising as high as 2258. The summit of the ridge is 250 paces 
north of the quarter post, rising precipitously above the ad- 
joining valleys. 

The next ridge consists of greenstone conglomerate, with 
some pebbles of jaspilyte, and some of a rock indistinguishable 
from 2255 or 2258. The great bulk of this conglomerate con- 
sists of a fine-grained siliceous greenstone which may have 
come from the agglomerate masses of the oldest greenstone. 
It is largely cemented by quartz. Toward thenorth this grad- 
uates into finer conglomerate and to graywacke, interbedded 
with coarser conglomerate. Although much folded it dips 
sometimes south or southeast, or stands vertical. 

2259. The finer part of this conglomerate, a gray grit or 
graywacke. 

2260. Toward the north this same ridge is porphyritic. 
The rock remains grayish-green, the crystals are wholly of 
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white feldspar, and are more numerous in some places than in 
others. The rock seems to be fragmental owing to a rude 
banding like that of sedimentation. Throughout this rock are 
foreign pieces of jaspilyte and of greenstone, the former some- 
times being six inches in diameter. Sometimes this rock is free 
from feldspar crystals. 

2261. Occurs rather suddenly, in small amount, in 2260. It 
is a singular mica-porphyry, running like a dike, rather schist- 
se, a rare rock species, only seen in this vicinity. 

2262. Represents the slightly porphyritic phase of 2260; a 
green schist. 

The conglomerate last mentioned, although approximating 
the characters of the lowest (Lower Keewatin) is too varied 
and too nearly associated with distinctive graywackes to be 
positively assigned to that horrizon, although located near an 
agglomeratic ridge of greenstone. It isin many respects allied 
to the Upper Keewatin, and especiallyinthat toward thenorth 
more distinctive characters of the Upper Keewatin supervene. 

2263. Appears asa dike, about parallel with the structure 
and the porphyry. It is about ten feet wide. This is near 
Moose lake, on the section line, and cuts slates and graywache. 
It is fine, gray and non-porphyritic. 

The quartz porphyry of this vicinity seems to be in contact 
with the slateand graywacke, cutting them asan igneous rock, 
but also has a kind of an alternation as if a sedimentary mem- 
ber of the same formation. These two relations, so associated, 
are hard to understand. But in view of thezigzag fracture and 
intense squeezing, it may be these alternations are due to dy- 
namic fracture followed by pressure as well as to inclusion of 
‘slate in the porphyry in the act of intrusion. The numerous 
bits of slate and of jaspilyte in the porphyry constitute a difh- 
culty in considering the porphyry as primarily anigneousrock. 

2264. Similar rock, having a similar dike-like action and 
appearance, about 5 feet wide, cutting a greenstone conglom- 
erate next north of an agglomerate ridge. It is fine, gray, and 
has scattered pyrite cubes; can hardly be distinguished from 
2263, but occurring further south. 

On the portage from Moose lake to Flask lake the supposed 
Stuntz conglomerate is found to,be cut by the same granitic 
porphyry as noted above, in dike-like yet sometimes lenticular 
masses from a foot to 25 feet wide. It-also becomes decidedly 
a greenstone-looking rock, except for being specked by porphy- 
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ritie crystals of feldspar. In one place it was a quartz porphy- 
ry; also it weathers red and is apparently sub-granitic. 

2265 is the red and granitic phase. 

2266. A coarser, red and more distinctly porphyritic gran- 
itic phase. These all carry many pieces of greenstone, except 
that they are rare in the last, which, also, exists in larger mass. 

2267 is a green hornblendic rock which also has the jointage 
and aspect of an igneous rock. It is firm, fine-grained, weath- 
ers coarsely very schistose and is full of pebbles, rounded and 
angular, mostly greenstone. These seem to be of the nature 
of inclusions in a basic intrusive, owing to the nature of this 
rock. 

2268 is a fair sample of the porphyry. It is usually (here) 
not a quartz-porphyry. It does not contain pieces of slateand 
graywacke which it cuts except where such can be attributed 
to zigzag shearing and lateral overlap and inclusion, but it al- 
most always holds pieces of greenstone, frequently angular, but 
sometimes rounded. 

2269. In the coarse (Stuntz) conglomerate, on the same 
portage, are very fine-grained, light green beds that appear like 
igneous intrusions in their manner and sharp jointage, but 
which may be attributed, perhaps more reasonably, to the 
hardening of siliceous mud beds. 

The rock 2266 occurs again further north in an irregular 
boss-like area, almost granitic, and perhaps an apophysis of 
the Snowbank lake granite. It cuts rock 2267 which contains 
pebbly patches, the pebbles being of lighter-weathering, fine- 
grained greenstone, such as mentioned as referable to bombs 
from the agglomerate, but sparsely disseminated. Amongst 
these pebbles are some that are dark-green and hornblendic, 
and a few are of granite, one of the last being 3in. in diameter. 
One mass of apparently amygdaloid greenstone was observed 
about a foot in diameter, somewhat elongated, resembling the 
amygdaloidal parts of the bombs. 

2270. Bright green schist, at the summit of the island in 
Moose lake, crossed by the section line between secs. 28 and 
29, 64-9. This schist is cut by a rather fresh diabase dike, 4 
feet wide, and by a narrow vein-like quartzose dike of fine red 
granite. This rock ischarged with carbonate of iron, which 
oxidizes but does not stayso as to stain the weathered surface. 
This green color, however, fades out in other places, and the 
surface is more or less rusty, the interior being gray, viz.: 

2271. Acompact, pyritiferous, fine-grained rock which be- 
comes rusty and schistose. 
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2272. This schist is stained a malachite green at little depth 
in scattered points, indicating that the pyrite is cupriferous. 

2273. On the trail from Moose lake to Wood lake, west- 
ward from the exposure of conglomeratic jaspilyte. The last 
and highest ridge before reaching Wood lake is composed of a 
reibungs breccia of fine graywackeand argillyte, the two rocks 
being closely folded and broken uniformly into a series of alter- 
nating short parts. On the upper weathered surface where 
glaciation has evenly planed the rock off the two parts recur 
in an irregular regularity, causing the rock to presentan aspect 
of a squeezed conglomerate, but on the face of a vertical sur- 
face the different pieces can be seen to extend downward for a 
foot or more in the general mass. The rock must have been at 
first a banded argillyte. 

2274. Jaspilyte bedded with the slates on the southerly 
slope of the hill containing the conglomeratic jaspilyte near 
Moose lake, on the trail to Wood lake. 


The Source of the Stuntz Conglomerate. 


Returning from the third trip to Snowbank lake we took a 
day to visit the ‘‘burnt forties,’ near Soudan, so-called by 
Smyth and Finley, in order to examine the jaspilyte and green- 
stone in that vicinity, and especially to ascertain the extent 
and number of the quartz-porphyry dikes cutting the jas- 
pilyte, reported by Smyth and Finley. 

Thoroughly convinced that the Stuntz conglomerate i is a con- 
glomerate and not a breccia, the problem has been to find a 
source for the pebbles and other similar materials of whichit is 
composed. It was therefore with a confident expectation of 
finding some verification of the repeated assertion that dikes 
of quartz-porphyry here cut the jaspilyte, and thus a sufficient 
source for the pebbles of the overlying conglomerate, that this 
visit was made.* We were at first disappointed and non- 
plussed to find nothing of the sort. It appeared to be all con- 
glomerate, and finer conditions of the same; even that most 
conspicuous interruption of the main jaspilyte mass by what 
Smyth and Finley called porphyry proved to be a faulted 
break of the structure by which the visible continuity of both 
is destroyed, and one comes immediately into contact with the 
other, the fracture plane being across the general strike, the di- 
rection of the strike, however, being but little deranged. 

- *At the time this region was examined first by the survey parties it was covered by 


a forest. At present the rock is bare over almost the entire region, and the relations 
of the various rocks are beautifully revealed. 
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It was evident at once that, not only ina faulting whose 
planes run north and south, but in a more extended folding 
whose axes run east and west, had the formation been dynam- 
ically affected. It was observed that the quartz-porphyry con- 
glomerate came directly into contact, along east and west 
planes, with the jaspilyte, but contained almost no fragments 
of the jaspilyte, while in other belts, more remote from the jas- 
pilyte mass, could be seen abundant debris of jaspilyte mingled 
with the quartz-porphyry pebbles. Hence it was evident that 
the Upper Keewatin conglomerate had been folded along with 
the Lower Keewatin greenstone and jaspilyte, so as to bring 
together strata which had no chronologic relations of immedi- 
ate sequence. 

Northward, however, from this great break were found sev- 
eral greenstone dikes cutting the conglomerate, similar to those 
on Stuntz island, and oneconsiderableeast-west band of green- 
stone. - 

Still further north, on another ridge, near the lake shore, on 
which is located the corners of secs. 13, 14, 23 and 24, 62-15, 
we found what wesought, viz.: anold Lower Keewatin quartz- 
porphyry forming a conspicuous hill-range, rocks 2275 and 
2276. 

Subsequently we found, in returning to Tower, that this rock 
(2275 and 2276) extends along the lake shore interruptedly, 
but it is encroached on and covered by the lake. It is seen in 
the high rocky island next east of the east entrance to Stuntz 
bay, where it resembles No. 2276 in some respects, but is finer 
and has less quartz. 

In traveling again the length of Stuntz island it became evi- 
dent that the eastern and northern portions of that island 
also consist of this rock, and must have shared in the supply 
of material to form the conglomerate that constitutes the 
southern side of the island, the transition from the former to 
the latter being very blind, and resembling that which has been 
noted before, viz., at Saganaga lake, where the recomposed 
granite can hardly be distinguished from the true granite, and 
at Ogishke Muncie lake, where the recomposed greenstone can 
hardly be distinguished from the true greenstone of the Twin 
peaks. This elusive habit of the plane of superposition of the 
Upper Keewatin on the Lower Keewatin,is probably responsi- 
ble for numerous failures to detect the structural differences be- 
tween the two formations, as well as the petrographic distinc- 
tions. The figure on page 313 of the fifteenth annual report, 
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illustrates the nature of this transition, the coarsest pebbles 
not appearing at the very base of the formation, but after the 
accumulation of a considerable thickness of very fine detritus. 
2275. ‘Burnt forties,’? near Soudan, at the corner of secs. 
13, 14, 23 and 24, 62-15. Gray quartz porphyry, with some 


feldspar, the probable source of the pebbles of the Stuntz con- — 


glomerate. Compare Vol. 1V., Chapter 29. 

2276. Thesame rock, weathering pinkish, probably from 
abundance of orthoclastic material, approximating a granite 
structure. ‘‘Burnt forties.” 

2277. In the vug-like angular spaces of 2276, as exposed on 
the weathered surfaces, is a very fine-grained green aggregate, 
probably consisting of a singlegreen mineral. ‘‘Burnt forties.” 

It is likely that other places could be found composed of this 
rock, perhaps some of Ely island. It seems to have a general 
course from the ‘‘ burnt forties’? westward and a little north, 
so as torun under Vermilion lake. — 

The source of the pebbles of the Stuntz conglomerate was 
never before detected. It is an important addition to the geol- 
ogy of the state to have solved this long-standing problem. 

2278. Metallic copper, from the Montana shaft at Tower. 
This copper is in a shear vein which runs diagonally across the 
ironore deposit. It often occurs as thin films in the greenstone 
in the vicinity of this vein, and is accompanied by different cop- 
per minerals. These minerals have been studied by Dr. C. P. 
Berkey. (Proc. Lake Superior Mining Institute, 1V, 73, 1896.) 

2279. Fiery red jasper, from the Lee dump, Tower. Several 
masses a couple of feet in thickness were thrown out. Accord- 
ing to Mr. McCloud (teacher) much more had been thrownout, 
but owing to its beauty had been carried away. This is a cu- 
rious rock, and in general fracture and color it resembles that 
found at the bottom of the palisades on the shore of Lake Su- 
perior (No.140). Its relation tothe ore (hematite) of the mine, 
and to the greenstone, are unknown. 

2280. Mass of pyrite, silica and jasper, like 2279, the pyrite 
having been largely oxidized and removed, leaving a spongy, 
rough siliceous mass. The urigin of this red jasper and its as- 
sociation with pyrite inthe Lee mine make a newand problem- 
atic feature in the geology of the iron ores. This red jasper is 
similar to that seen in the form of pebbles in the conglomeratic 
jasper north of Moose lake. as mentioned. 


> 
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RECORD OF GEOLOGICAL FIELD WORK IN 
NORTHEASTERN MINNESOTA 1892 to 1898 
BY U. S. GRANT. 


INTRODUCTION. 


The following paper was prepared for publication in accord- 
ance with instructions from the state geologist, who desires to 
have the facts of the field work, together with notes on the 
rock specimens collected, printed in the reports of the survey. 
Thus this paper is largely a transcript of the field notes, usual- 
ly abridged, but sometimes increased slightly by later informa- 
tion or by laboratory work. No effort is here made to write a 
general report on the districts examined nor to always present 
the conclusions to be drawn from the investigations in the 
field. Such conclusions are generally to be found in volume IV 
of the final report, where also will be found some, but by no 
means all, of the detailed field descriptions. 

The record of the writer’s previous field work, of which the 
present record is a continuation, has been published in the 17th 
annual report, pp. 147-215, and in the 20th annual report, pp. 
35-110. Some special details and conclusions have been pub- 
lished as follows: 

The geology of the Kekequabic lake in Northeastern Minnesota, with special 
reference to an augite soda granite. 21st Ann. Rept., pp. 5-58, 1893. 

Preliminary report of field work during 1893 in Northeastern Minnesota. 
22nd Ann. Rept., pp. 67-78, 1894. 

Preliminary report on the Rainy lake gold region. 23rd Ann. Rept, pp. 36- 
105, 1895. 

The stratigraphic position of the Ogishke conglomerate. Am.Geol., vol. 10, 
pp. 4-10, 1892. 

Note on an augite soda granite from Minnesota. Am. Geol., vol. 11, pp. 
383-388, 1893. 

Volcanic rocks in the Keewatin of Minnesota. Science, vol. 23, p. 17, 1894. 

Note on the Keweenawan rocks of Grand Portage island, north coast of 
lake Superior. Am. Geol., vol. 13, pp. 437-439, 1894. 

The international boundary between lake Superior and lake of the Woods. 
Minn. Hist. Soc. Collections, vol. 8, pt. 1, pp. 1-10, 1895. 

Notes on some water divides in Northeastern Minnesota. (Abstract.) Bull. 
Minn. Acad. Ntl. Sci., vol. 4, no. 1, pt. 1, pp. 39-40, 1896. 
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Lakes with two outlets, in Northeastern Minnesota. Am. Geol., vol. 19, 
pp. 407-411, 1897. 

Sketch of the geology of the eastern end of the Mesabi iron range in Minne- 
sota. Engineers’ Year Book, University of Minn., pp. 48-62, 1898. 

During the prosecution of the field work 1,099 rock samples 
have been collected. The numbers on these specimens are 
green and the specimens can thus be distinguished from any 
other rock series of the survey or of the museum. Where these 
rock specimens are referred to in vol. IV of the final report or 
elsewhere, except in articles by the writer, in the annual re- 
ports, the numbers are followed by the letter G. Lists of these 
rock specimens have been published as follows, in each case the 
rock names and localities being given: 

Nos. 1-298, collected in 1888, 17th Ann. Rept., pp. 201-215. 
Nos. 299-734, collected in 1891, 20th Ann. Rept., pp. 96-110. 
Nos. 735-898, collected in 1892, 21st Ann. Rept., pp. 59-67. 

Nos. 894-1016, collected in 1893, 22nd Ann. Rept., pp. 78-86. 
Nos. 1017-1067, collected in 1894, 23rd Aun. Rept., pp. 220-223. 
Nos. 1068-1099, collected in 1898, 24th Ann. Rept. 

In giving the directions of strike, etc., the directions are re- 
ferred to magnetic north. 


FIELD WoRK OF 1892. 


The work during this year was donein July, August, Sep- 
tember and October. There were usually four in the party, the 
writer being assisted by Messrs. L. A. Ogaard and A. H. Elft- 
man, and a Chippewa Indian, Wanwiegwan. For a short 
time in August the writer accompanied the state geologist in 
the vicinity of Kekequabic and Gabimichigama lakes and to 
the eastward of the latter lake. 


Vicinity of Thomas and Frazer Lakes.* 


The main body of Thomas lake lies in secs. 28 and 33, T. 64- 
7 W., and the main body of Fraser lake in secs. 22 and 238, T. 
64-7 W. The notes immediately following relate to these lakes 
and to the district northeast and east of Fraser lake, in Ts. 64— 
6 W. and 64-7 W. Themain points presented are those relating 
to the gabbro, ferruginous quartzyte, granite of Kekequabic 
lake and glacial phenomena. 

At Thomas lake, on the north shore, in SE\™% of SW sec. 32, 
T. 64-7 W., is a low exposure of coarse-grained magnetite. 
This has the appearance of the usual titaniferous magnetite 
facies of the gabbro, and the ordinary gabbro is found along 


*Other notes on the geology about these two lakes can be found in the 15th Ann, 
Rept., pp. 145-148, 360-361; 17th Ann, Rept., pp. 187-190, 
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the shore both to the east and to the west. On the little isl- 
and which is just southeast of this locality, but in the same 
one-sixteenth section, coarse gabbro occurs. On the south end 
of this island is an outcrop of a dark, fine-grained, granular 
rock which in thin section is seen to be an olivine gabbro 
(No. 735). In places it has many rusty spots. This rock was 
seen within a foot of coarse gabbro and no intermediate facies 
or contacts were observed. The two rocks differ much in gen- 
eral appearance and very markedly in the size of the constitu- 
ent mineral grains. 

On Fraser lake the shores of two eastern arms were examin- 
ed and no rock but the ordinary gabbro was seen. These two 
arms of Fraser lake are not shown on the township plat, 
and the smaller lakes in this vicinity—sec. 24, T. 64-7 W.—are 
not correctly represented. 

There is a small lake (not shown on the township plat) just 
south of the southern of the two eastern arms of Fraser lake, 
and another small lake in the NE%4 of sec. 24, T. 64-7 W. The 
shores of these two lakes and the portages between them were 
examined but no rock except the usual coarse gabbro, which 
occurs In many outcrops, was seen. It sometimes contains bi- 
otite. The shores of the lake, which lies in the northern part 
of sec. 19 and the southern part of sec. 18, T. 64-6 W., are 
mostly marshy, but several outcrops of the usual gabbro, often 
containing biotite, occur. No. 736, which is a coarse biotite 
olivine gabbro, was taken from near the center of the northern 
side of this lake (SW14 SE% sec. 18, T. 64-6 W.) and well rep- 
resents the rock «11 the shores of these three lakes. 

From the last nientioned lake northto VWarble lake (situated 
in N. %sec.18 and S. sec. 7, T. 64-6 W.) the usual gabbro 
was seen in several places, and this same rock makes theshores 
of this lake, which were carefully examined. Marble lake lies 
in a basin surrounded by gabbro hills, and this same rock was 
found for half a mile westward in the NE\%4 of NE\% sec. 13, T. 
64-7 W. 

On going northwest from Marble lake to the lake which lies 
largely in the N\% of NE\% sec. 12, T. 64-7 W., the usual gab- 
bro was seen. A small stream enters the east end of this lake, 
and just north of this. stream and near the northeast corner of 
the NW% of NW% sec. 7, T. 64-6 W., is an outcrop of fine 
grained gray rock (No. 737) having streaks of biotite running 
in various directions. About 300 yards north of this, in the 
SW% of SW sec. 6, T. 64-6 W. is an outcrop of tough green- 
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ish rock (No. 738) blotched with reddish areas. No outcrops 
were found between the two here mentioned. This\(No. 738) 
is evidently from the conglomeratic formation previously des- . 
cribed from the vicinity of this lake (see Nos.637 and 638, 20th 
Ann. Rept., pp. 80-81).* These specimens (Nos. 637, 638, 737 
and 738) are regarded as belonging to the Keewatin, which 
has here been somewhat metamorphosed by the gabbro. On 
going along the north shore of this lake a few rods back 
from the water a few outcrops of the conglomeratic formation 
were seen, but no bedding was observed. Around the north 
end of the bay in the SW% of SE\% sec. 1, T. 64-7 W., are sev- 
eral outcrops of the same rock showing a rather distinct lami- 
nation (sedimentary) on weathered surfaces. The strike, as 
measured on the outcrops, is N. 65° E. and the dip is 90 de- 
grees. No. 739 was obtained near the north end of the bay; 
it is a hard, fine-grained, greenish siliceous rock. On the west 
side of this bay is an outcrop of the same rock, striking N. 
45° E.; dip 90°. The same rock is seen in several places just 
west of the lake and one outcrop occurs at the extreme south- | 
west corner of the lake; here (NW% of NE% sec. 12, T. 64— 
7 W.) the rock is of coarser grain than usual and appears to 
be entirely recrystallized (No. 740), but still shows a few ~ 
pebble forms. All the other outcrops on the south shore of 
the lake—there are several of theim—are of gabbro, finer 
grained than is usual and well represented by No. 741 
(from the NE\%4 of NE% sec. 7, T. 64-7 W.), which appears to 
be an olivine gabbro. On the east shore of the lake is an ex- 
posure of the conglomeratic formation not so fine-grained as 
usual; this rock is represented by No. 742 (NWY%4 NW% sec. 
7, T. 64-6 W.) which isa fine-grained crystalline rock composed 
of biotite and apparently quartz and feldspar; it is similar to 
No. 740. Fine-grained gabbro, similar to No. 741, occurs 
within 100 yards of No. 742, but no contact of the two form- 
ations was found. 
On going north from this lake (the lake which lies largely in 
the N% of NE\ sec. 12, T. 64-7 W.) for about one-third of a 
mile near the east side of sec. 1, T. 64-7 W., the conglomeratic 
formation (Keewatin) is seen ina few places. Near the lake the 
strike is N. 90° E. and the dip 85° towards the south. On go- 
ing north from the lake the rock becomes less crystalline and 
acquires a rough slaty cleavage. No. 743, taken about one- 


*The lake here described in the 20th Ann. Rept. asin the S. 14 of Sec. 7 and the Ne 
of sec. 18, T. 64-6 W., is not located correctly, but is the lake mentioned above as ly- 
ing largely in the N. 144 of NE sec. 12, T. 64-7 W. 
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fourth of a mile north of the lake and probably near the center 
of the east side of the SE™%4 sec.1, T. 64-7, W., showsa less crys- 
talline condition of the country rock; this specimen is a hard, 
dark gray argillyte. Its strike is N. 75° E. and the dip 85° 
towards the northof this; the slaty cleavage coincides with the 
bedding. The strike of all the exposures here seen varies from 
N. 75° E. to N. 90° E., and the dip is nearly vertical. 

On going north from the bay in the SW\% of SE% sec. 1, T. 
64-7 W., several exposures of the conglomeratic formation are 
seen; the rock is hard and tough, as elsewhere, ana the pebbles 
are not very numerous and aresometimes lacking entirely. The 
first of these exposures which shows dip and strike is about 
one-eighth mile from the lake; here the strike is N. 60° E., and 
the dip i§ vertical. The rock gradually becomes less crystalline 
and more slaty on going north for one-fourth mile from the 
lake; at about this distance, probably in NW% of SE™% sec. 1, 
T. 64-7 W., is an outcrop whose strike is N. 30° E., and whose 
dip is vertical. A roughslaty cleavage coincides in direction 
with the bedding. Here is a belt, two feet wide and running 
with the strike, of a fine-grained diabasic rock (No. 744), the 
feldspar of which is in part reddened. This seems to represent 
an old diabase dike orsill. No. 745 represents the country 
rock from this same exposure; it is fine grained, tough and 
greenish. 

About 200 feet north of the last outcrop is another where the 
country (Keewatin) rock is in contact with a granite, evident- 
ly the pyroxene soda granite of Kekequabic lake.* The rela- 
tions of the two rocks are shown in figure 2 on p. 38 of the 
21st annual report, which represents the whole of the outcrop. 
The Keewatin rock strikes N. 20° E.,and dips 85° towards the 
east of this direction. The granite at the contact does not ap- 
pear finer grained than in other parts of the outcrop. No. 746 
shows the granite and No. 747 the other rock. The former is 
a pinkish, rather fine grained granitic rock. Under the micro- 
scope it is seen to be made up of larger feldspars, not markedly 
idiomorphic, in a finely microgranitic groundmass composed 
mainly of feldspar, green augite and quartz. The latter rock 
is a tough, laminated, greenish gray rock. In thin section this 
is seen to be a more Or less confused aggregate, of fine but vary- 
ing grain, the principal minerals being feldspar, green augite 
and quartz. The large feldspars of the granite are absent, and 


*For a description of this granite see 21st Ann. Rept., pp. 33-54; and for a geologi- 
cal map of this district see pl. 2 of the 21st Ann. Rept. and pl. 80 (Fraser-Lake plate) 
of vol. 4 of the Final Report. 
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while the two rocks have a rather similar mineralogical com- 
position they are markedly different under the microscope, and 
especially when examined macroscopically. 

North from this last exposure for about one-fourth of a mile 
many outcrops of the granite were seen. It is coarser grained 
than that at the contact above mentioned. A specimen from 
one of these outcrops is No. 748 (NW% of SE% sec. 1, 64-7 W.) 
which is a medium-grained reddish granite apparently grani- 
toid in texture and not having a microgranitic groundmass as 
has No. 746 from the contact. Now on going east more gran- 
ite is seen and in less than one-fourth of a mile the Keewatin 
rocks again appear. Just before reaching theslates the yranite 
is finer grained, as is shown by No. 749, probably from the NE 
Y% of SE%4 sec. 1, T. 64-7 W. The next outcrop east of No. 749 
is composed of the hardened Keewatin rock showing no bed- 
ding. In this rock are two irregular vein-like forms which 
weather gray and on the weathered surface are rather sharply 
marked off from the country rock. No. 750 shows this vein- 
like rock,—probably a part of the granite; and No. 751 shows 
the Keewatin rock. Both of these specimens are probably 
from the same one-sixteenth section as No. 749. Fifty feet east 
of Nos. 750 and 751 the Keewatin is again seen, striking 
N. 20° E. and standing vertical. And to the east for a short 
distance are more exposures with the same dip and strike. On 
returning to the bay in the SW of the SE\%4 sec.1, T.64-7 W.., 
another contact between the granite and the slaty Keewatin 
rock was seen. The line between the two was distinctand ran 
usually with the strike (strike N. 30° E., dip vertical), but cut 
across.it for a short distance. 

From the southwest corner of the lake which lies largely in 
the N% of NE%4 sec. 12, T. 64-7 W., a portage leads southwest 
to Shooply lake (mainly included in the SE% of sec. 11, T. 64— 
7 W.)* Near the northeast end of this portage are two out- 
crops of the metamorphosed Keewatin (compare Nos. 740 and 
742), and about two-thirds of the distance across the portage 
is an outcrop just south of the trail. This is made of a fine- 
grained, granular, gray or yellowish gray, biotitic rock repre- 
sented by No. 752 (SE%4 of NW% sec. 12, T. 64-7 W.). Itis 
difficult to tell from the hand specimen whether this is a fine- 
grained facies of the gabbro or a part of the Keewatin meta- 
morphosed by the gabbro, but it is thought to probably belong 
in the latter category. 


*For notes on Shooply lake see 15th Ann. Rept., pp. 147-148; 17th Ann. Rept., 
pp 186-187. 
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From the field notes given above it is possible to’'draw some 
conclusions, regarding the gabbro, the granite and the Keewa- 
tin, which apply to the locality above described and which also 
have, at least in part, a wider application. The gabbro is in 
general a rock of coarse and rather uniform grain, but at its 
contact with the Keewatin it becomes finer grained, although 
apparently still retaining its gabbro texture and composition. 
The gabbro has markedly metamorphosed the Keewatin rocks, 
near the contact entirely recrystallizing them. Biotite is a 
product of this metamorphism by the gabbro. The granite is 
intrusive into the Keewatin rocks as evinced (1) by its manner 
of contact, (2) by its finer grain at the contact, and (3) by its 
action on the Keewatin rocks. This metamorphosing action 
is not as marked as in the case of the gabbro and, instead of 
biotite, green augite,—a mineral characteristic of this granite 
mass (the Kekequabic granite),—has been produced. Specimen 
No. 637, which represents the conglomeratic part of the Kee- 
watin, contains a pebble which closely resembles the porphyr- 
itic facies of the Kekequabic granite. This occurrence may be 
explained, in the light of the facts and conclusions above given, 
in two ways. First, there may have been such a porphyritic 
granite of earlier date than these Keewatin rocks and the Ke- 
kequabic granite; second, the Keewatin rocks may be here di- 
visible into two parts, one earlier than, and the other later 
than, the Kekequabic granite. 

ein Fraser lake a trip was made through the Southweeiee 
part ot T. 64-6 W. to the Kawishiwi river. From the lake at 
the north side of sec. 19, T.64-6 W., a portage leads southeast- 
ward.to a pond on the east line of this section. Gabbro of the 
usual kind is seen near this portage and on the south shore of 
this pond. From this pond a portage leads to the lake which 
lies mainly in the S\% of sec. 20, T. 64-6 W. On this portage 
and a few yards from this pond is an outcrop of gabbro and a 
ferruginous, banded quartzyte. Therelations of the two rocks 
are shown in a figure in the chapter on the Fraser lake plate in 
vol. 4 of the final report. The strike of the quartzyte is appar- 
ently east and west, and thedip is 50° towards thesouth. The 
gabbro is of some finer grain than the ordinary facies of this 
rock, but is not noticeably finer just at the contact than it is 
several feet distant. The two rocks aresharply separated from 
each other and the gabbro holds a few pieces of the other. The 
exposure of the quartzyte is less than 20 feet wide and extends 
along the strike for some 30 feet. Just to the east of this and 
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in the strike of the quartzyte is a low ridge where this rock is 
exposed for over 100 feet along the strike and for about thirty 
feet across the strike. No. 753 represents the quartzyte and 
No. 754 the gabbro from the outcrop shown in the figure re- 
ferred to. The first is a coarse-grained rock composed mainly 
of quartz and magnetite with varying amounts of other miner- 
als which appear to be olivine and pyroxene. The rock closely 
resembles the coarse quartzose, magnetitic and olivinitic rocks 
found elsewhere aiong the northern border of the gabbro, asat 
Akeley and Gabimichigama lakes. To the south of the above 
described locality are many outcrops of the ordinary gabbro. 

On the portage above mentioned are many exposures of 
coarse gabbro much decayed; in places the gabbro has furnish- 
ed considerable soil, and very few smooth, fresh gabbro surfaces 
were seen. No large foreign boulders were seen, but there 
were a very few small slate and granite boulders. 

The lake which lies mostly in the S\% of sec. 20, T. 64-6W., 
is surrounded by gabbro hills, all decaying and forming soil. 
The shores of the western half of this lake were examined and 
many exposures of the ordinary gabbro were seen.* On going 
south from this lake to the lake which lies mainly in sec. 32, T. 
64-6 W., and along the west and south shores of the latter 
lake many outcrops of the usual gabbro, decaying to form soil, 
were seen. From this latter lake south to the Kawishiwi river 
in the NE\%4 SE\ sec. 5, T. 63-6 W., gabbro, often very much 
decayed, occurs in many places, and almost no foreign boulders 
are to be seen. 


Kawishiwi river, mostly in Ts. 63-6 and 62-6 W.. 


The notes given under this heading refer principally to the 
gabbro, to the Keweenawan granites and toa possibly drift- 
less area. 

The south and west shores of the Kawishiwi river in secs. 4 
and 9,T.63-6 W., show many gabbro outcrops, the rock being 
much decayed and forming boulders of disintegration. This 
gabbro is very coarse grained. In secs. 8 and 7, T. 63-6 W., 
the gabbro is much decayed and in most places crumbling into 
soil. Only a very few,small, foreign boulders were seen. There 
are, however, a few places where the gabbro is not decayed, 
and one peculiar phenomenon is the presence, within a few 
yards of a mass of decaying gabbro, of a gabbro boss, smooth 


*For further notes on this lake and vicinity see under the district west of Little Sag- 
anaga lake. 
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and round,—as smooth and rounded as any inthe country, but 
showing no glacial striz. 

Along the Kawishiwi river in secs. 17 and 21, T. 63-6 W.., 
and on the shores of Boulder lake,* which lies largely in the S. 
14 of sec. 16, T.63-6 W., gabbro occurs in many places, but the 
shores were not carefully examined. 

The shores of Jake Polly (the irregular lake lying largely in 
secs. 28 and 33, T. 63-6 W.) were not all examined, but the 
eastern arm was, as was also the east side of the central arm. 
All the outcrups seen were of gabbro of the usual coarse grain. 
A few red granite or syenite veins or dikes were seen cutting 
the gabbro. The gabbro about this lake, while showing some 
signs of decay, is not nearly as decayed as that a few miles to 
the north. 

From lake Polly atrip was made up the river, the headwaters 
of the Kawishiwi, which empties into this lake in the NW of 
sec. 34, T. 63-6 W. Gabbro was seen in several places along 
the river in this quarter section. It is quite coarse grained and 
is cut by many branching vein-like dikes of red granite; these 
are from half an inch to ten feet across and run in every direc- 
tion. The rock of these dikes varies considerably in grain, but 
the sides of the dikes are not noticeably of finer grain than the 
centers. No. 755 (from the west end of the second portage 
from lake Polly, probably in the SW of NE sec. 34, T. 63-6 
W.) fairly represents the rock of these granite dikes. Itisa 
fine grained, pinkish, biotite granite, the biotite being in com- 
paratively small amount. A short distance east of the portage 
just mentioned the granite dikes become very numerous and 
make up one-third of the various outcrops of gabbro. Further 
east and south along the river, in secs. 34 and 35, T. 63-6 W.., 
the granite dikes are not so numerous, but are occasionally 
seen in the gabbro. 

The shores of a small lake, which apvarently lies in the N™% 
of sec. 2, T. 62-6, W.,+ show outcrops of coarse grained gabbro, 
sometimes cut by small granite dikes. 

At the southeast corner of this lake a stream enters and a 
portage of a half mile leads southeast along the stream; fol- 
lowing up the stream in a south or southeasternly direction 
for about a mile beyond this portage a large lake (Syenite 


*The Chippewa name for this lake signifies ‘‘the lake where big rocks are in the rap- 
ids.’’ There is an immense boulder in the middle of the rapids at the north end of the 
lake. 

*T. 62-6 W. had not been surveyed when this visit was made, and so locations can 
not be given accurately here and about Syenite lake. 
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lake) is found. Gabbro was seen in a few places along this 
portage, and along the river, a quarter to a third of a mile 
north of Syenite lake, gabbro and a fine grained dioryte occur 
in considerable amounts. There are two exposures which 
show the gabbro, the dioryte and the granite, which is still 
seen in the form of dikes. The gabbro is very coarse grained 
and is composed largely of feldspar; the dioryte is of much finer 
grain and is sharply separated from the gabbro by a distinct 
contact line. Dikes of the dioryte were not seen in the gabbro, 
but angular fragments, of various sizes and shapes, of the gab- 
bro occur in the dioryte. There are numerous dikes, of all 


sizes up to twenty feet in width, of thered granitecutting both 


the gabbro and thedioryte. The dike walls aresharply marked. 
No. 756 represents the dioryte from this locality; it is a fine 
grained, dark gray, quartz dioryte. A hurried examination of 
the thin section shows a granitic aggregate of plagioclase, 
hornblende, quartz, magnetite and pyroxene. The last is in 
small, scattered grains which usually have rounded outlines. 
Syenite lake is a good sized body of water, lying approxi- 
mately in secs. 12, 13, 14, 23 and 24 of T.62-6 W. The shores 
of this lake were visited in many places, but a careful examina- 
tion of the whole lake was not made. Gabbro occurs in seyer- 
al places on the bay and long narrow arm at the north end of 
the lake, and this rock is usually cut by dikes of granite. At 
the south entrance to this arm granite occurs, and in the little 
bay just to the east gabbro is again seen. It is here, as for sev- 


eral miles to the north, very coarse in grain and composed 
largely of feldspar. No. 757, from the east shore of this little | 


bay, shows this gabbro which is even coarser grained than is 
usual. At the entrance to this bay granite occurs and this 
rock continues along the east shore of the lake. Nos. 758 to 
763 well represent the different facies of this granite; they all 
came from the east shore of Syenite lake, taken in order from 
north to south. These specimens show a hornblende granite 
of fine but rather uniform grain and varying in color from al- 
most white to brick red. On the south and southwest shores 
of the lake gabbro occurs, often associated with and cut by the 
granite. The gabbro is of coarse grain and similar to No, 757. 
Southeast of the lake, and about a mile distant, is a range of 
hills striking northeast and southwest. They rise 300 to 400 
feet above Syenite lake and are apparently composed of the 
same red granite or ‘‘red rock”’ of the Keweenawan, 

The district from lake Polly to Svenite lake offers excellent 
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outcrops for the study of the relations of the gabbro and the 
Keyweenawan granites to the south. In this general locality, 
as well as in others which the writer has visited, the following 
facts are quite apparent. On approaching, from the north, one 
of these granite areas, its proximity is indicated by the presence 
of a few small dikes of granite in the gabbro. These dikes are 
met with at distances of from one to five, or even more, miles 
from the main granite mass as exposed at the surface. The 
dikes increase in number and size on going south, i. e. on ap- 
proaching the main granite area, and at the edge of this area 
.apophyses can be traced directly from the granite into the gab- 
bro. Theevidence for the later date of the granite is conclusive. 
The granite dikes are not particularly finer grained, either asa 
whole or at their contacts with the gabbro, than the rock of 
the main mass of the granite, thus indicating the heated condi- 
tion, as weJl as the deep-seated position, of the gabbro at the 
time of the intrusion of the dikes. Still the sharp edges of the 
dikes and the rare mingling of the elements of the two rocks in 
the locality here described would indicate that the granite, 
while perhaps not much younger than the gabbro, was of later 
date than the solidification of that rock. In other areas there 
are facts which seem to indicate that the two rocks were molt- 
en about the same time. 

Along the south shore of the Kawishiwi river in sec. 12, the 
south and west shores of the lake in sec. 11, T. 63-7 W., and 
the portage (in secs. 10 and 11) from this lake to lake Alice 
(the large lake in the center of T. 683-7 W.) many outcrops of 
gabbro were seen. The gabbro often is decaying, and very few 
foreign boulders occur. North of lake Alice and inthe NE of 
sec. 4, T. 63-7 W., is asmall lake on whose shores gabbro oc- 
curs. From this small lake a portage leads to Thomas lake, 
striking the latter in the NW% of SE% of sec. 33, T. 64-7 W. 
On this portage, gabbro, not much decaved, occurs, and many 
foreign boulders were seen. 

Kekequabic Lake and Vicinity.* 

This lake lies in the NE% of T. 64-7 W., the SE\% of T. 65-7 
W., and the SW\% of T. 65-6 W. The notes below refer princi- 
pally to the granite of Kekequabic lake and its relation to the 
surrounding rocks, but some notes on the general geology are 
included. 


*Other notes on Kekequabic lake and vicinity may be found as follows: 15th 
Ann. Rept., pp. 148-160, 361-369; 16th Ann. Rept., pp. 99-108; 321-327; 20th Ann. 
Rept., pp. 69-82; 21st Ann. Rept., pp. 5-58. 
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~ The small island (NE% SE\% sec. 34, T. 65-7 W.) near the 
north shore of Kekequabic lake, and just opposite the portage 
to Pickle lake, iscomposed of a massive, hard, ringing, greenish 
rock. It contains crystals or fragments of crystals of feldspar, 

hornblende, and fragments of various kinds, not apparently 
rounded by water action. No. 764 represents the rock of this 
island which is probably a tuffaceous deposit. 

The point on theeastside of the bay (north shore of Kekequa- 
bic lake) in E% SW\ sec. 34, T. 65-7 W., is made up of hard, 
black to gray, slaty argillyte (No. 765). Strike N. 50° E., and 
dip 75° towards the south of this. Slatycleavage corresponds 
with bedding. The argillyteis cut by a small, irregular diké 
of the porphyritic augite granite. Thecontact of the two rocks 
is sharp, and the dike sends stringers into the argillyte and 
also includes pieces of it. The dike rock is markedly porphyr- 
itic with white feldspars, and it holds much pyrite. No. 766 
shows the two rocks in contact. 

Along the north shore, east of this point, the same argillyte 
continues for a short distance, and then rock similar to No. 
764 occurs; this contains many rounded and angular frag- 
ments and appears to grade into distinctly bedded gray slates 
and also into the soft green hornblende schist of the lake. This 
schist is here often conglomeratic with rounded pebbles of all 
sizes uptoa foot in diameter. These rocks, varying somewhat, 
extend eastward along the north shore for a mile. The strike 
fe irom N. 50° E. to N. 60° E., and the dip is from vertical to 

° toward the south. 

Pa small island (NE SW, sec. 35, T. 65-7 W.) near the 
north shore is composed of the green hornblende schist. Onthe 
weathered surfaces the bedding is apparent and the schistosity 
in general agrees with this; strike N. 65° E. to N. 75° E., and 
dip vertical. In places the rock is full of pebble-like forias 
which are very apparent on the weathered surfaces, but, as 
most of the pebbles are similar to the enclosing rock, they are 
hardly discernible ona freshly fractured surface. A few of these 
pebbles are of a gray slaty rock and of quartz. No. 767, from 
this island, is a good example of the green schist on this lake.* 
This same rock occurs along the shore, to the eastward, in sec. 
35, T. 65-7 W. Near the east side of the section the strike is 
N. 75° E., and the dip is from vertical to 80° towards the S. 

The shores of the small Jake in the WY SW sec. 34, T. 65-7 
W., have a few outcrops of slaty argillyte which varies incolor 


*For a description of these green schists see 21st Ann. Rept., pp. 23-26. 
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from black to gray to greenish. The greenish variety is some- 
times more like graywacke. The dip and strike were taken in 
six places, the strike being N. 40° to 50° E., and the dip from 
vertical to 80° toward the south of the strike. In general, the 
bedding and slaty cleavage, the latter usually not being well 
developed, coincide in direction. On one little rocky island at 
the east end of the lake the strike is nearly E. and W. and the 
dip 70° toward the S. 

The rock of Plum Jake (lying mainly in the center of the E1% 
sec. 33, T. 65-7 W.) is similar to that of the lake just described 
except that thegraywacke is moreabundant. When the latter 
is not interbedded with the argillyte, it appears massive. The 
strike, as shown in several places along the north shore, is N. 
50° to 60° E., and the dip from vertical to 75° toward the S. 
No. 768 well represents the graywacke from the north side of 
the lake; it was taken from the west side of the bay in the SW 
¥Y, of NE% sec. 33. At the west end of the lake, at the portage, 
is an outcrop of a fine-grained, gray, brown weathering schist 
(No. 769). Strike N. 60° E., and dip vertical; bedding and 
schistosity parallel. 

The shores of the lake in SE\%4 sec. 32, T. 65-7 W., and N¥% 
sec. 5, T. 64-7 W., show outcrops of black to gray to greenish, 
slaty argillyte and some little greenish graywacke. Thestrike, 
as taken in five places, varies no more than 3° from N. 50° E., 
and the dip is from vertical to 80° towards the S. The small 
lake in the SW1%4 SE% sec. 33, T.65-7 W., has outcrops of argil- 
lyte similar to that on the other lake. Strike, measured in one 
place, is N. 50° E., and dip vertical. 

Mr. Elftman visited the high hill in the NE% sec. 35, T.65-7 
W., north shore of Kekequabic lake. Therock is similar to No. 
764, probably a tuff. No. 770 represents this rock from the 
top of this hill. He also went to the topof the hill in the SW% 
sec. 36, T. 65-7 W.; the rock is a fine-grained condition of the 
augite granite. He also visited the island in the NW%4 of SW 
\% of the samesection, but found no rock except the porphyritic 
facies of the augite granite. 

On the east side of the northern point in the NW NW sec. 
3, T. 64-7 W., are black and gray slaty argillytes; strikes and 
dip not well shown, but the strike appears to be N, 25° E. and 
the dip 65° to 70° towards the east of this. On the south side 
of this point at the entrance to the little bay the same slates 
are seen; here the strike is N. 10° W. and the dip 55 degrees 
towards the east. The same slates occur in this bay and also 
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on the shore just south of the entrance to the bay; thestrike is 
the same, but the dip in some places becomes steeper,—70°. 

On the west side of the little point in the SE4%4, SW% sec. 2, T. 
64-7 W., is an outcrop of the granite which is broken into par- 
allel layers.* In some cases there are minute quartz veins along 
the division planes between the different layers. Nos. 771A to 
771F were collected here. The rock is very poor in quartz. 

On Pickle lake (NE% sec. 34 and NW% sec. 35, T. 64-7 W.), 
at the portage to Kekequabic lake are gray to white slates 
striking N. 75° E., with a vertical dip. The slaty cleavage 
makes an angle with the strike, running more to the north. At 
the point just east of this portage the same rock occurs. At 
the south shore of Pickle lake, near the center of NW\% sec. 35, 
is a hard green slate whose cleavage strikes N. 30° E., and the 
dip is vertical (the needle is disturbed here and the strike given 
may not be correct). The strike of the bedding is not clear. 
‘South from the shore a few yards the same rock occurs minute- 
ly interbanded with dark red jaspilyte. The bands of jaspilyte 
vary from one-sixteenth inch to one inch inthickness. Therock 
is much crumpled. It is represented by No. 772. This same 
rock extends along the south shore of this little bay (thesouth- 
ern one near the east end of Pickle lake). On the point on the 
north side of this bay is a hill composed of hard, gray to green- 
ish, slaty rock considerably crumpled. The cleavage strikes N. 
60° E., and is vertical. At the east entrance to the bay on the 
north side, near the east end of Pickle lake, the gray and green 
slates are again seen, here holding a few small bands of jaspil- 
yte. Strike N. 60° E., dip vertical; cleavage coincides with 
bedding. Theseslates extend westward along the wholenorth 
shore of the lake. The strike and dip, as measured in two 
places, are the same as just given. 

Spoon lake (the long narrow lake in secs. 26, 27 and 34, T. 
65-7 W.). The point on the south side of the lake, in SE%4 SE 
4 sec. 27, is made of hard gray slate. Slate, gray and green, 
breaking into cuneiform fragments, is seen along the south 
shore in sec. 26. On this shore, in NW\%4 SE sec. 26, medium 
grained, dark gray diabase (No. 773) occurs, and is also seen a 
short distance further east. The hills in the NE%4 of SE% sec. 
26, back from the lake, are composed of the same hard, gray 
and green slates; strike not always distinct, but where seen it 
is N. 65° E., and the dip is vertical. Slaty cleavage not well 


*See 20th Ann, Rept., rock No. 549 on p. 70, and fig. 5 on p. 71; 21st Ann. Rept., 


pp. 34 and 35, 
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developed and having the same direction as the bedding. On 
the hills between this lake and Currant lake (small lake in W1% 
SW% sec. 25, T. 65-7 W.) the hard gray and greenishslates are 
again seen; strike N. 70° E., dip vertical. Around the bay at 
the east end of Spoon lake the same slates occur, commonly 
crumpled, but with a general northeasterly strike. A diabase 
dike, standing vertical and striking N. 40° E., crosses the point 
on the north of the entrance to this bay. Thisdike isabout 30 
feet wide; the diabase mentioned above (No. 773) evidently is 
a continuation of this dike. On the north shore in SW%4 NEY 
sec. 26, the slates become coarser and graywacke-like; strike 
N. 50° to 60° E., dip vertical. Here a dike, three feet wide, of 
fine-grained diabase cuts the slates; the dike runs N. 45° W. 
and is about vertical. Along the north shore in sec. 26 are 
many outcrops of the slate and graywacke, the latter predom- 
inating and commonly showing no bedding nor cleavage. It is 
green to gray in color and varies in grain from that which re- 
sembles an argillyte toa graywacke where the quartz grains are 
quite noticeable; the latter is the usual facies. This rock is 
broken into angular, often wedge-shaped, pieces and joints. In 
the main western body of the lake there are almost no out- 
crops except on the islands in the S!% of sec. 27; three of these 
islands were visited and the rock was found to be graywacke. 

Eastern part of Kekequabic lake. There are three small isl- 
ands near the center of the N'% of sec. 36, T. 65-7 W. The 
largest of these is composed of green hornblende schist (No. 
1409 of N. H. Winchell’s rock series). The dip is 15° to 70° 
towards the northwest. The island east of this is made of the 
same kind of rock; strike N. 38° E., dip 70° to the south of 
this. This rock is conglomeratic, or rather contains pebble- 
like forms, at the water’s edge, and probably this feature exists 
throughout much of the rock, the action of the waves making 
it more distinct. 

Mallmann's peak (high hill onthe north shore of Kekequabic 
lake in SE% sec. 30, T. 65-6 W.) is composed of hard gray- 
wacke varying to argillyte. The bedding is not always dis- 
tinct, but when seen varies much in dip and strike. The fol- 
lowing strikes were noted in different places: N.10° E., N. 20° 
Mina. oO" W45N7 70° E., N: 55° W., NGO? W. 

From the head of the little bay in the NW%4 SW% sec. 31, T. 
65-6 W., a trip was made south to the summit of the hill; this 
summit is probably near the S.W. corner of this section. With- 
in 100 yards of the lake shore the pyroxene granite was seen; 
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it is fine-grained. The same rock is seen in a few outcrops all 
the way to the summit of the hill. No. 774 shows the granite 
from the top of the hill; it is a fine-grained reddish granite. 
Just north of the east side of the base of the promontory at 
the southwest corner of sec. 29, T. 65-6 W., is a bold bluff com- 
posed of gray argillyte varying to graywacke. Strike N. 85° 
W., and dip 70° towards the south of this. The rock is hard 
and brittle and shows little slaty cleavage. On the east side 
of the bay, which is just east of the above mentioned promon- 
tory, the rock is gray to greenishslate, often showing a marked 
slaty cleavage parallel to the bedding. The strike, as taken in 
several places, here and on the adjoining hill, does not vary 
more than 5° from N. 90° E., and the dip is 70° to the south. 
In places there is a pretty well developed cleavage which stands 
vertical and strikes N. 30° E. At the top of this hill is a knob 
of coarse diabase (No. 775). On one side the diabase was seen 
in contact with the slates; the contact line was rather irregu- 
lar but had a general northwesterly direction. The same slate 
occurs on the west side of the point in the SE%4 SW%X sec. 29, 
T. 65-6 W., and on the east side of the point the rock is coarse 
graywacke. At the portage to Alpha lake (this portage is 
near the center of S'% sec. 29) the slates strike N. 50° E. and 
dip 75° to the south of this. Up on the hill, to the west of the 
portage, are good exposures of interbedded slate and gray- 
wacke striking N. 45° E. and dip 80° towards the southeast. 
The graywacke is often very coarse and holds numerous peb- 
bles of slate up to half an inch in diameter. The point, on Ke- 
kequabic lake, south of this portage is composed of slate and 
gray wacke, as is also the east shore of the bay in E¥% SW% SE 
4 sec. 29, T. 65-6 W.; here the strike is N. 30° E., and the dip 
is vertical. The southeast and south shores of this bay are 
also of slate and graywacke. On the south shore, just westof 
the entrance to this bay, is more diabase similar to No. 755. 
These two exposures of diabase are probably parts of a dike 
which runs approximately north and south. A short distance 
west of this outcrop of diabase the slates occur, striking N.40° 
E., and standing vertical. The rest of the south shore in sec. 
32 and in the SE4% NE% sec. 31, T. 65-6 W., has many out- 
crops of the slate, which as a rule is darker colored and has 
fewer graywacke beds than on the north shore. The strike is, 
in general, N. 30° E., and the dip is about vertical. Along this 
shore near the west line of sec. 32 some of the green, horn- 


, 
time. 
ow 

a 


a 


STATE GEOLOGIST. 101 


blendic schist, similar to that found further west on this lake, 
is interbedded with the slate. 

On going south from the east side of the little point in NW%4 
SW% sec. 31, T. 65-6 W., south side of Kekequabic lake, no 
rock is seen in place until about 150 yards from the lake. Here 
is a low ridge, trending east and west, whose eastern end is 
composed of augite granite porphyry with large white feldspar 
phenocrysts. This rock, in addition to the usual phenocrysts 
of feldspar and augite, also contains those of hornblende and 
biotite. The west end of this ridge is composed of another 
facies of the augite granite. This (No.777) is porphyritic with 
small, fleshcolored feldspars and in general appearance is mark- 
edly different from No. 776. The two rocks come in contact 
(No. 778), but the relative ages of the two are not clearly 
shown, although No. 776 seems to be the younger. No. 776A 
represents No. 777 within three inches of the contact, and No. 
777A represents No. 776 within six inches of the contact. 
South of this place about 150 yards is an outcrop of the usual 
augite granite, and beyond this is an outcrop of the augite 
granite porphyry. Farther south several outcrops of the gran- 
ite were seen; it resembles Nos. 777 and 774, most of it being 
like the latter. After going south from the lake for about half 
a mile and turning east, several outcrops of granite were seen 
on the slope which descends eastward to the little stream in 
the El SW sec. 31, T. 65-6 W. In one of these there isa 
small amount of the augite granite porphyry; this exists in 
small, branching, vein-like forms, which are sharply marked 
off from the enclosing granite. Farther east is more granite 
and finally a large exposure of this rock is seen enclosing a 
mass of the country rock. This has been altered by the granite 
and is represented by Nos. 778A and 778B. The former is 
more altered and closely resembles No. 747 (see p. 89) from an- 
other granite contact. Nos. 779 and 779A represent the gran- 
ite surrounding the other rock; this granite is quite fine 
grained and is porphyritic with small feldspars. One hundred 
feet east of this is an outcrop of the country rock which is a 
dark slaty argillyte in which mica has been developed. A few 
yards farther east is another outcrop of the same with some 
gray bands. Strike N. 15° E., and dip 73° towards the west 
of this. Other outcrops, with the same dip and strike, are seen 
near at hand. This is near, but just west of the small stream 
mentioned above. In the stream bed are outcrops of slate, but 
the lower part of the stream shows no rock in place. Justeast 


102 TWENTY-FOURTH ANNUAL REPORT 


of the mouth of the stream and about 100 yards from the lake 
shore the granite is seen again. 

On the west side of the little point, south shore of Kekequa- 
bic lake, in NW1%Z SW sec. 31, T.65-6 W., is a dike of diabase, 
trending north and south and apparently about twenty feet in 
width. 

' Along and near the south shore of Kekequabic lake, in sec. 
31, T.65-6 W. (especially just east of the center of this section), 
considerable examination was made of the belt of crystalline 
rock which has been termed both a porphyritic conglomerate” 
and also a hornblendic facies of the granite.+ Nothing was 
found in this rock which indicates bedding, the only parallel 
structure is a rough jointing which strikes N. 15° E. and dips 
78° to the east of this. No. 781 shows some of the freshest 
hornblendes in this rock. Just south of this belt of rock is an 
exposure of what appears to be granite; this varies somewhat 
and a specimen (No. 782) shows a facies of the rock of this ex- 
posure which approaches in general appearance the so-called 
conglomerate, and No. 783 shows a facies of the latter resem- 
bling somewhat the granite. The foreign pieces in the rock in 
question are not commonly well rounded, but are generally 
subangular and sometimes sharply angular. They are not ar- 
ranged in any discernible manner, and they are of only a few 
kinds—dark green rocks of various grades of fineness of grain, 
and apparently composed of chlorite and hornblende. No. 
783A shows these foreign pieces. No gradation from this rock 
into the ordinary granite was found, although Nos. 782 and 
783 may represent intermediate facies. No contacts were seen 
between this rock and the slaty rocks just to the south. The 
former is a completely crystallized rock, while the latter show 
their fragmental nature very plainly. The two rocks were 
seen within 100 feet of each other, and here the slate is much 
harder than usual. While the evidence concerning the nature 
of this rock is not complete, from what is known of the field re- 
lations, and while no careful laboratory study has been made 
of it, still, as far as the writer can see, it is better to regard it 
as a hornblendic and syenitic facies of the granite rather than 
as a metamorphosed part of the adjoining sediments. 

On going southeast from the southern corner of the bay, of 
Kekequabic lake, in the NW\% NE sec. 32, T. 65-6 W., about 
one-eighth of a mile from the lake is a ridge of slate and fine 


*20th Ann. Rept., p. 76 (Nos. 593, 594, 594A, and 595), and p. 79 (No. 630). 
t21st Ann. Rept., p. 37. 
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grained graywacke; strike N. 27° E., and dip 90°. Beyond 
(southeast) this are other outcrops of slate and graywacke be- 
coming coarser and darker colored, similar to the grits found 
in the SE% of sec. 31, T. 65-6 W.* At about half a mile from 
the lake is asmall beaver pond, and at the west edge of this 
pond is a diabase dike (No. 1752, N. H. W.; 21st Ann. Rept., 
p. 158) running approximately north and south and about 50 
feetin width. The country rock about this pond is a hard 
gritty rock which, when struck with the hammer, rings like 
cast iron. In thisrock aresome hard, dark, fine grained bands. 
The strike is N. 20° to 30° E., and the dip 65° to 70° towards 
the east of this. The rock is similar to 632, mentioned above; 
it varies considerably in grain. Nos. 784A and 784B show 
this rock. A section shows angular and sub-angular, but not 
rounded grains of quartz, feldspar, hornblende, and several 
kinds of rock; this rock is perhaps a water deposited tuff. 
About 100 yards east of this pond is a small lake whose north- 
ern shore is made of grits similar to Nos. 784A and 784B. On 
the north shore is a cliff where the grit contains small blood- 
red fragments, perhaps of jaspilyte (No. 785). Here alsoisa 
dike-like mass about ten feet wide, of a porphyritic rock (No. 
786) which closely resembles the porphyritic augite granite of 
Kekequabic lake. The east and south shores of this little lake 
show outcrops of dark slaty rock and grit; the strike varies 
somewhat, but has a general northeasterly direction. East of 
this little lake is another (probably the one in W1% SW sec. 
33, T. 65-6 W.) and from this a trip was made, in company 
witn Prof. N. H. Winchell, to the top of West Twin peak. 

In company with the state geologist several points of inter- 
est were visited at Kekequabic lake and to the eastward as far 
as tothe eastern side of T.65-5 W. During this time the writer 
did not take complete field notes, that being done by Prof. 
Winchell,t but a few points of particular interest were noted. 

No. 787 (1766 of N. H. Winchell’s rock series), from the west 
side of the bay on the south side of Kekequabic lake, in SW%4 
NW sec. 31, T. 65-6 W., represents the matrix of a marked 
conglomerate. 

Considerable examination was madeof the porphyritic gran- 
ite on the promontory in Kekequabic lake at the southwest 
corner of sec. 29, T. 65-6 W., but no evidence—at least none 


*20th Ann. Rept., p. 79 (No. 632). 
+See his notes; Nos. 1752 to 1764, 21st Ann. Rept.. p. 158. 
tSee Nos. 1765 to 1785; 21st Ann. Rept., pp. 158-160. 
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which appealed to the writer’s mind—to show that this por- 
phyritic granite was a metamorphosed conglomerate, was 
seen. Near the base of this promontory, on the east side, is a 
bluff where the porphyry seems to have been much shattered 
and crushed. In places it appears somewhat like a graywacke 
and in others the fractured nature of the rock causes it to be 
very rough on weathered surfaces. Specimens Nos. 788A, 788B, 
788C and 788D, are from this place—so also is No. 1768 of N. 
H. Winchell’s rock series. An examination of the rocks in thin 
section shows that they are more or less fractured portions of 
the granite porphyry, and neither the field evidence, nor that 
revealed by the microscope, seem to indicate a “‘ metamorphic” 
origin for the porphyry. 

A visit was made to the north side of Epsilon Jake, and evi- 
dence of the unconformity, described from this place,* was 
looked for, but no conclusive evidence was found. 

No. 789 shows the peculiar porphyritic rock from the nar- 
rows of Zeta lake, SW%4 NE% sec. 28, T. 65-6 W. This is the 
same as No. 1769 of N. H. Winchell’s rock series.+ 

T. 65-5 W.t 

At Gabimichigama lake some examination was made of the 
north and east shores of the lake with special reference to the 
rock which has here been called ‘‘muscovado.”’ Thereseems to 
be conclusive evidence that the rock to which this name has 
been applied—especially along the eastern shore of this lake in 
secs. 29 and 32, T.65-5 W.—is part of the Keewatin sediments 
modified by the gabbro. This statement of course does not 
apply to all the rocks which have been included under the term 
‘‘muscovado”’ in other localities. 

In the NEY NE sec. 34, T.65-5 W., on the south side of the 
stream is a ridge of ferruginous quartzyte. Just to the south 
is the gabbro, and the two rocks were seen within twenty feet 
ofeachother. The quartzyte dipsabout 55° towards the SSW, 
and it holds considerable biotite. The gabbro is rather fine 
grained, and a sample of the finest part of the gabbro is shown 
by No. 790. Just across the stream from this locality are 
many outcrops of greenstone (No. 791) which contains a few 
granitic fragments. No signs of stratification were seen. No. 
791 is the same as No. 1780 of N. H. Winchell’s rock series. 

*16th Ann, Rept., p. 323. 


tFor notes on Zeta lake see 15th Ann, Rept., pp. 157-159; 16th Ann, Rept., p. 321. 


tOther notes on this township are given later in this report. 
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Epsilon lake.* 


This lake lies in the SW\% sec. 21, SE™%4 sec. 20, and N'% sec. 
29, T. 56-6 W. The notes below relate mostly to an area of 
hornblende porphyryte around the southern part of Epsilon 
lake. 

Where the north line of sec. 29 crosses the southeast shore 
of the lake is a grayish purple, hornblende porphyryte (No. 
792).; This porphyryte extends along the shores of the little 
bay just south of this locality and several rounded bluffs of the 
same rock occur just back from the water. Nos. 793 and 793A 
represent this porphyryte from one of these bluffs, NW%4NE%4 
sec. 29. The samerock continues south and west to the south- 
west corner of the lake, where slaty argillyte and graywacke, 
much crumbled, are seen. On the shore just north of this is 
hard, siliceous argillyte, which strikes N. 80° W., and dips 55° 
towards the south of this. A short distance further north, but 
south of the north line of sec. 29, green and gray slate and 
graywacke, much crumbled, are found. These rocks extend in 
a ridge along the northwest side of the lake, and on going 
northeast the strike becomes inore constant and has a general 
northeast direction with a vertical dip. At one place near this 
section line is a diabase dike, 15 feet wide, striking northwest. 
There is also a small amount of dark red jaspilyte in the green 
slaty rocks; this jaspilyte is similar to that described ‘from 
Pickle lake.t The slate becomes very schistose in places resem- 
bling the sericitic schists commonelsewhere. Just north of this 
section line a band, two and a half feet wide, of a gray, rusty 
weathering rock (No. 793B) occurs in the slates. This is par- 
allel with the bedding. The slaty and schistose rochs extend 


northeastwardly to the portage to Knife lake. 


The south shore of Epsilon lake in SW%4SW% sec. 21 and 
SE SE sec. 20, is composed of hard, siliceous, gray to black, 


- argillitic, slaty rocks. They have been folded in places, but as 


a rule they dip 45° toward the SSW. On the west side of the 
little bay in the SW%4 SE sec. 20, the hornblende porphyryte 
again occurs, and on the east side of this outcrop is the slate. 
It is very fissile and decayed near the contact, as isthe porphy- 
ryte. The tworocks were traced within three inches of each 


*For other notes on this lake see 15th Ann. Rept., p. 157; 16th Ann. Rept., pp. 321- 
326. 


+A petrographical description of the hornblende porphyryte of Epsilon lake is given 
in the 21st Ann. Rept., pp. 55-58. 


tNo. 772, p. 98. 
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other, but the exact contact line was not determined. The 
porphyry here is green and decayed; it is represented by No. 
794; this grades, in the space of three to five feet, into the usual 


form of the porphyry, through No. 794A. Thecontact runs . 


north and south and appears to be vertical. The slate seems 
to have a dip parallel with the contact, although the bedding 
is indistinct. No. 794B shows the slate at the contact. 

There are several rounded knobs of the porphyryte, south of 
the south end of Epsilon lake and near the center of sec. 29, 
which were explored. These knobs asa rule are steepand bare 
of vegetation and soil. A diabase dike was here seen cutting 
the porphyryte, and this may be acontinuation of the dike 
mentioned above as near the northwest shore of Epsilon lake. 
On these hills, about one-eighth mile north of the southwest 
corner of Beta lake, the slate and porphyryte are again seen in 
contact. The slate is green to grayish in color and is very fis- 
sile and decayed, as is also the porphyryte near the contact. 
The two rocks are green and somewhat difficult to distinguish 
near the contact, but their different texture and the presence of 
remains of porphyritic crystals in the porphyryte made the dis- 
tinction possible, especially on wet surfaces. At this place in 
the porphyryteare irregular but sharply defined areas of appar- 
ently gravwacke. These areas are usually ten to twelve feet 
across, and four of them were seen. The rock of this inclusion 
is represented by No. 795. The porphyryte near the contact 
with theslate hasa green groundmass, and this feature extends 
northwards, often for several rods from the slate. In fact this 
green groundmass seems to be the usual color of this rock near 
the edge of the porphyry; itis shown by No. 796. Itis the 


same as the usual facies of the porphyryte (which has a purple: 
groundmass), except for its green color, its fissured and more ~ 


or less decayed condition, and its finer grain. 

No. 797, from the south shore of Epsilon lake, in the NE%4 
SEY NW% sec. 29, is a fresh, typical sample of the horn- 
blende porphyryte of Epsilon lake. 

The hills in the NW\ sec. 29 were examined. The largest hill 
here (NW1%44 NW sec. 29) is composed of the usual, purple 
hornblende porphyryte, but at its northern side, about 200 feet 
north of the summit, the slates occur, dipping about 75° 
towards the south. The contact of the two rocks was seen in 
but one place; here it runs along a smooth, glaciated surface 
and no samples could be obtained. The contact is exposed for 
eight feet; it is a sharp, easily noticed line, running about par- 
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allel with the bedding of the slate, but curving somewhat. At 
one place in this one-sixteenth section and one in the SW%4 SW 
4 sec. 20 a large dike of coarse diabase was seen. At each 
place the dike was seen for a width of at least 150 yards; it has 
a north and south direction. At the contact with the slates 
the diabase is quite fine-grained and it sends irregular branch- 
ing stringers into the slates. No. 798 shows the main facies of 
the diabase, and No. 798A is from one of the small stringers. 
The examination of the hornblende porphyryte at Epsilon 
lake failed to reveal any other origin than that of a truly igne- 
ous rock for this porphyryte. It is of later date than at least 
some of the surrounding sediments, as is shown byitscontacts, 
its finer grain at the contacts, and its inclusions, which can be 
referred to the country rocks. No study of theslates from near 
the contact has been made, but it would seem that the meta- 
morphosing action of the porphyryte on the slates was small. 


Ameaeha Lake. 


This lake is an irregular body of water lying mostly in sec. 
7, T. 65-6 W. The rocks of this lake are a series of Keewatin 
slates, graywackes and grits, at times cut by diabase dikes. 
The distribution of these rocks, their dips and strikes, etc., are 
given below. The description will begin at the northwest cor- 
ner of the lake, at the portage to Knife lake (SE%4 NW% sec. 7) 
and extend eastward along the north shore, etc. 

Near the northwest end of the above mentioned portage is 
rock varying from fine-grained graywacke to hard siliceous ar- 
gillyte; strike N. 60° E., and dip vertical. At the southeast 
end of the portage is a coarse diabase similar to No. 798 
(above). It is represented by No. 799, which is a coarse olivine 
diabase. This rock extends along the shore of Amoeba lake 
northward for nearly 200 yards, where a fine-grained gray- 
wacke occurs. The two rocks were traced within 20 feet of 
each other, but no contact was seen. The diabase, however, is 
noticeably finer grained near the other rock. Continuing along 
the north shore in sec. 7, black and gray slates are seen in sev- 
eral outcrops. No. 800, from the NW\% SE%4 NE sec. 7, is a 
fine-grained, dark, laminated, flinty rock. The term slate is 
applied to these rocks as a general designation, but they fre- 
quently show no slaty cleavage, and at times have a conchoid- 
al fracture. Along this shore only three outcrops were seen 
which show the bedding plainly; the strike is N. 30° W., and 
the dip vertical. Just before coming to the little bay whose 
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eastern end is crossed by the west line of sec. 7, the slates are 
seen in connection with a gritty rock; thestrikeand diparethe 
same as given above. The grit, which is very feldspathic, con- 
tains numerous fragments, of all shapes and sizes up to those 
an inch across, of black slate similar to that found along the 
shores of this lake. The fragments are rarely more than an 
inch in greatest diameter. Nos. 801 and 801A (SE% NE% sec. 
7) show this rock and the included fragments, one of which is 
perhaps a piece of a black quartz porphyry. On the north side 
of this little bay, at its eastern end, the same gritty rock oc- 
‘curs, but here the black slate fragments are lacking. On going 
east, from the extremity of this little bay, for about one-eighth 
mile, slate and graywacke with some grit were seen in a ridge; 
dip 80° towards N. 65° E. 

The east shore in SE% NE, sec. 7, is composed of gray- 
wacke and slate; strike usually not distinct, but in one placeit 
is N. 30° E., and the dip is vertical. On the north side of the 
island in the same one-sixteenth section the strike is N: 50° E., 
and the dip is vertical. This island is made of grit and gray- 
wacke. The island just south of this island is composed of 
graywacke with a few narrow bands of blackslate. Thestrike, 
taken in two piaces, is N. 30° E., and the dipvertical. The fin- 
er portions of the graywacke are sometimes laminated, but 
this is not very common, and when the lamination is lacking 
and there are no bands of slate present the bedding is obscure. 
No. 802 from this last island (NE%4 SE sec. 7) shows the fine- 
grained graywacke and its lamination. The shore just east of 
these islands and southward to the end of the point in the NE 
4 SE\% sec. 7 is made of graywacke and grit, the latter often 
holding fragments of black slate. Justeast of the south end of 
the southern of these two islands the strike is N. 50° W., and 
the dip vertical, and on the end of the point the strike is east 
and west and the dip 80° towards the north. From this point 
eastward to the portage in NEY SW% sec. 8 the rock is grit 
and graywacke; the strike is N. 75° E., dip 90°. Ona little 
island near this portage the dip is 75° towards the south. A 
few rods west of the portage, on the south shore, the strike is 
N. 80° E., and the dip vertical. The point in the SW%4SW% 
sec. 8, is mostly made of hard, gray, siliceous, conchoidally 
breaking slate; there is a little black slate and fine grained 
graywacke. The strike varies a few degrees either side of E. 
and W., and dips 65° to 80° towards the N. The point in the 
NY NEY NW sec. 17, has essentially the same rock as the 
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last; dip 75° towards the N., 15° W. This gray slate in places 
becomes almost flint. The shores of the small bay in NEY 
NW sec. 17, are of grit, usually coarse and associated with 
some coarse graywacke. The shores of the larger bay in NW14 
sec. 17 are also of the same rock, containing no slate or fine 
graywacke bands, and so not showing the bedding. Gray, 
flinty slates again appear on the point at the west of this last 
bay. The head of the bay in the NE% of sec. 18, has grit along 
its southeast side; on the western side of the head of this bay 
are no exposures. Back from theshore and southeast from the 
head of this bay is a ridge of grit; at its top are many branch- 
ing dikes of diabase which vary from two inches to twenty 
feet in width. No general direction for these dikes was noticed, 
but they seem to extend along the top of this ridge, which 
trends northeast. The diabase is commonly fine grained and 
similar to No. 798A, but ina few places itis coarser and resem- 
bles Nos. 798 and 799. The northern half of the east shore of 
this bay (in NE™% sec. 18) is composed of gray, flinty slate; 
strike N.60° E.,dip vertical. Almost across the bay and inthe 
same one-sixteenth section (NE%4 NE\%4 sec. 18) the dip is 75° 
towards N.15° W. At this last place No. 8083 is taken toshow 
the flinty slate which has a conchoidal fracture. Atthe end of 
the point on the west side of this bay the rock is gray and 
black flinty slate, dipping 70° towards N.30°W. The south 
shore of Amoeba lake, inthe SE% of sec. 7, is composed of gray- 
wacke and slate, most of the Jatter being black; dip 90° to 75° 
towards N. 20° W. At the east base of the point, in the NW, 
SW'%4 SE sec. 7, there are branching dikes of fine grained dia- 
base, similar to 798A. The end of this point is madeupalmost 
entirely of diabase; it rises in a bold bluff and is quite similar 
to No. 799. The broad bay that extends into the NW of sec. 
18 has its shores mostly of graywacke and slate, but on the 
southern part of the bay the rock is almost exclusively slate. 
On this bay the dip is from 90° to 75° towards N.20° W. The 
narrow bay which lies in the SW%4 SW% sec.7, has graywacke 
in several outcrops. On the north side of the bay the strike is 
N. 20° E., and the dip 90°. The shores of the blunt point (on 
the west shore of the lake) in the SE%, SE sec. 7, are made of 
graywacke and grit, and the bay on the north side of this 
point has its shores mostly of grit,in which are frequently seen 
pieces of black slate. The point on the north side of this bay 
is made of graywacke, slate and grit; strike N.55° E., and dip 
90°. On the south side of this point, near its base, is coarse 
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diabase, which extends along the shore for nearly 100 yards. 
It is again seen on the north side of this point, and continues 
northward to the portage to Knife lake. 


Lake in E. 42 sec. 8, T. 65-6 W. 


The description begins at the portage, (NE% SW% sec. 8) to. 


Amoeba lake and extends eastward along the south shore, etc. 
The rocks of this lake, except for the lack of diabase, are like 
those of Amoeba lake. On thesouth shore just east of the port- 
age graywacke and slate occur; dip 70° towards N. 35° W. 
but not very evident. A little east of this, in NW%4 SE% sec.8, 
is an outcrop of graywacke and grit the latter holding some 


pieces of slate; strike east and west, dip 80° towards the N. _ 


The bay and island in NE% SE% sec. 8 show outcrops of gray- 
wacke and slate, the latter predominating. The bay in the 
center of W1%4 Wi sec. 9 has its shores mostly of grit hold- 
ing slate fragments. The point at the north entrance to this 
bay is composed of slate and graywacke; dip 80° towards N. 
10° W. The small bay at the northeast corner of the lake has 
its shores of the same rocks and these continue westward to 
the point in SW%4 NE sec. 8 which is made entirely of gray 
and black slates; dip 75° towards N. 5° W. Just east of this 
point the dip is 95° towards N. 15° W. On the east shore of 
the bay in NW%4 NE sec. 8 are slates with some little gray- 
wacke and grit; the strike is N. and S. and dip 65° towards E. 
The rocks lithologically are similar to those seen just to the 
south, where the strikeis about at right angles to this. On go- 
ing back from the shore this N. and S. strike was found to 
change gradually to nearly E.and W. At‘the lake shore area 
few bands of very black, perhaps carbonaceous slate (No. 804). 
North of the end of this bay is a round hill composed of black 
and gray slate with some grit on the north side of the hill; 
strike N. 30° E., dip 90°. The point on the west side of this 
bay shows slate, graywacke and grit; dip 75° to 80° towards 
N. 75° W. A little farther south slate and graywacke occur, 
dipping 75° towards N. 80° E. At the southwest side of the 
bay in SE4% NW% sec. 8 is a bold cliff rising some 150 feet 
above the lake. Atits base are gray and black slates dipping 
75° towards N. 65° E. The northside of the point at the south 
entrance to this bay has graywacke and some slate, dipping 
90° to 70° towards the S. The island in the mouth of this bay 
is made almost entirely of slate, dipping 75° towards N, 10° E. 
to N. 25° E. The island in SE% NE\% sec. 8 is made of slate, 
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grit and graywacke; the strike, as taken in several places, is 
quite constant, being N. 80° E., and the dip i is iram.90°" to.75° 
towards S. 10° E. 


Lake in N\% Sec. 9, T. 65-6 W. 


The main part of this lake lies in N14 sec. 9, and it extends in- 
to SE% sec. 4 and SW% sec. 3, T. 65-6 W. The rocks are quite 
similar to those of Amoeba lake.except for the lack of diabase 
and for the presence of tuffaceous deposits. The description 
begins at the west end of the lake and follows along the north 
shore to the narrows and return, and then the lake east of the 
narrows is described. 

On the north side of the bay at the west end of the lake is a 
ridge of slate and graywacke, the former usually black and in 
much larger amount than the latter; strike N. 75° E., and dip 
varies 10° on either side of vertical. On the north shore farther 
east, just north of the west end of the western island, the rock 
is the same; strike N. 80° E. and dip vertical. The same rock, 
with about the same dip and strike, continues eastward along 
the north shore almost to the narrows of the lake, at which 
place on the north shore is quite an amount of grit with slate; 
the rocks have been crumpled somewhat, but seem to havea 
general east northeasterly strike. On the south shore just 
west of the narrows there is slate and a green rock (No. 805) 
holding hornblende crystals. This is regarded as a basic tuff. 
This rock and the slate seem to be mixed together and broken 
and crumpled. This same rock (No. 805), with considerable 
gray flinty slate, is seen in several places along the south shore 
in W% NE sec. 10. There is also some graywacke which 
grades into the slate on one hand and into the tuff on the other. 
No. 806 shows a facies intermediate between the graywacke 
and the tuff (No. 805). The western part of the south shore is 
made of grit holding black slate fragments; bedding not dis- 
tinct, but the strike is apparently N. 70° E., and the dip about 
OO. 

The two islands in the western half of this lake are made 
mostly of grit, with some slate; strike N. 70° E.and dip about 
vertical. On the eastern of these islands is a bold cliff rising 
100 feet above the water; here the grit in places becomes con- 
glomeratic, holding pebbles of different kinds and sizes up to 
those six inches in diameter. Thisconglomerate resembles that 
on Camper’s island in Ogishke Muncie lake, except that the 
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boulders are not so large nor so numerous as at the latter lo- 
cality. ; 

On the south shore east of the narrows are several outcrops 
of grit with little slate, considerably twisted but having a gen- 
eral northeasterly strike and a dip of 80° to 65° towards the 
southeast. Farther east on the south shore are graywackes, 
slates and rocks like No. 806, much twisted. Just beyond are 
high cliffs of the same rock finely interbanded; the general 
strike is east and west and the dip from 80° to 55° towards 
the north, and there are several small, sharp flexures. This 
rock, with increasing amounts of slate, extends to the north- 
east end of the lake. The north side of the eastern half of the 
lake is made of slates, grits and small amounts of graywacke’ 
and rock like No. 806; the strike varies from N. 80° E. to N. 
60° E., and the dip is about vertical. 

In some places about this lake, especially ina high cliff on the 
north shore just west of thenarrows, thereis a noticeable joint- 
age which dips eastward at an angle of about 40°. 

Between this lake and the small lake in E. % sec. 4, T. 65-6 
W., just to the north, are slates and greenish graywacke with 
some rock like No. 806; strike N. 55° E., and dip vertical. The 
southern part of this small lake shows black and gray slates, 
often twisted, but in general striking N. 60° to 40° E.; dip 
about 90°. At the north of the lake is a ridge of black and 
gray to greenish slates intimately interbanded with greenish 
graywacke and tuff similar to No. 806; strikenorth and south 
and dip vertical. 


Lake in E. \% sec. 3, T. 65-6 W. 


This lake also extends into the W'% of sec. 2 and the N% of 
sec. 10, T.65-6 W. The.rocks are slates, graywackes and grits 
passing into water deposited tuffs. A hill onthe southeast side 
of the lake shows a marked conglomerate. 

Near the end of the little bay in the NE%SW% sec. 3 is a 
ridge of yellowish green rock (No, 807) regarded as a tuff; itis 
in general similar to Nos. 805 and 806. It appears massive, 
and is very tough and hard, but in places its finer grained fa- 
cies show lamination, and on topof the hill this rock (No. 807) 
is seen intimately interbranded with gray slates. The rock 
here is much twisted and broken, but has a general NNE strike 
and a vertical dip. No. 808 shows a fine grained facies of the 
tuff interbanded with greenish gray slaty rock which seems to 
be only a very fine grained condition of the same. This rock 
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also grades into fine grained graywackes. This ridge extends 
along the shore in this one-sixteenth section; strike N. 25° E., 
and dip 90°. 

On a little island just northwest of the large island in this 
lake is black slate, dipping 65° towards the west. On the west 
shore of the lake, a little to the northwest of this small island 
are large amounts of black slates mixed with some gray slates 
and fine grained graywackes, dipping 80° towards N. 65° W. 
This biack slate, with some graywacke, extends northward 
along the west shore to the north end of the lake. The strike 
is N. 25° to 40° E., and the dip about 90°. In places the rock 
shows no slaty cleavage, but usually this is quite distinct and 
parallel to the bedding. (Here, as elsewhere in this report, the 
very fine grained, compact rocks termed slate, do not always 
show a distinct slaty cleavage.) On the east side of the lake, 
near its northern end, is a ridge of hard flinty slate, usually 
gray in color, but sometimes quite dark colored. The strike 
where first seen is N. 80° E., and the dip 45° to the north of 
this; this strike and div are not constant, varying some, and 
on tracing the ridge south for 200 vards therock gradually as- 
sumes a vertical position and a strike of N. 35° E. This strike 
is maintained for some distance along the east side of the lake 
in the NW14%, NW sec. 2. Here the rock is well represented by 
Nos. 809A and 809B, which are hard, flinty, gray slates, break- 
ing conchoidally. A little farther south-the rock becomes less 
laminated, and in places the bedding cannot be seen, and the 
rock has an indistinct schistose structure which runs with the 
bedding when this is seen. Strike N.40° E.,dip 90°. This con- 
dition extends to the south edge of the NW sec. 2. 

The large island (in the NEY% SE% sec. 3) has at its southern 
end a cliff of slate and coarse graywacke (No.810) whichseems 
to be a facies of No. 807. Strike N. 30° W., dip 60° toward N. 
60° W. This strike gradually changes to N.10° W. and N. 10° 
E. On going northeast along the south shore of thisisland, the 
dip becomes nearer 90° and therock becomes entirely black and 
gray slates. About the center of the north side of the island 
the rock is slate, striking N. 25° E., and standing vertical. 

The east shore of this lake, inthe SW sec. 2, ismade of slate, 
graywacke and grit. The first is the most abundant; it is 
sometimes hard and flinty and has a conchoidal fracture and 
again it is very fissile, the cleavage being parallel with the bed- 
ding, which strikes N. 20° to 40° E., dip about vertical. This 
continues to the end of the point in SE% SE%4 sec. 3. The rest 
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of the east shore to the south end of the lake is of similar rock, 
except that the graywacke isthe most abundant; strike varies 
little from N. 30° E., and dip is about 90°. 200 yards south of 
the south end of this lake, on the portage to Knife lake, the 
rock is in places brecciated and cemented by a black substance, 
as is shown by No.811. This passes into theusual graywacke 
by loss of the brecciation and the black cementing material. In 
the SW of sec. 10, on either side of the portage, is a steep hill 
rising some 200 feet above Knife lake. The western of these 
hills is made of a hard, fine grained, green rock (No. 816), which 
shows, as far as examined, no bedding. At the Knife lake end 
of the portage is a peculiar, massive appearing, nearly white, 
graywacke-like rock (No. 815). 

The west shore of this lake (i. e. the one lying mainly in E% 
‘sec. 3, T. 65-6 W.), north tothe bay in the NE%4 SW% sec. 3, is 
made up of grits, tuffs, graywackes and slates. The first two 
are not abundant. They seem to represent water deposited 
volcanic material mixed with more or less of ordinary sediment. 
The dip is 70° towards N. 70° W. to N. 50° W. No. 812, from 
the SEY% SW sec. 3, shows a form of the tuffaceous deposits. 

On ascending from the lake, the broad hill in the N¥% NEY 
sec. 10, black and gray slate and fine grained graywacke are 
seen; they are quite fissile; strike N. 60° E., dip vertical. Fur- 
ther up the hill the rock has been much fissured and crumbled. 
It weathers white and on this account is quite noticeable from 
the lake. In this rock are strings and contorted pieces, of vari- 
ous shapes, of a fine grained siliceous rock—the whole appear- 
ing like a conglomerate that has been much squeezed and crum- 
pled and its pebbles much distorted. On the south part of the 
hill is a noticeable black knob; here the rock is a decided con- 
glomerate. The pebbles are well rounded and are very numer- 
ous, making up more than one-half of the rock. The matrix is 
dark green in color, fine grained and much like a large number 
of the pebbles, which are accordingly most evident on weath- 
ered surfaces. Most of the pebbles are from one-fourth to one 
inch in diameter; a few are three inches in diameter, but rarely 
are they more than one and one-half inches. The majority of 
the pebbles are of fine grain and dark gray to greenish in color, 
No granite or jaspilyte pebbles were noticed, although searched 
for. No bedding was seen in this conglomerate. No. 817 rep- 
resents the conglomerate, and No. 817A is a collection of peb- 
bles from it. Among these are several varieties of gray todark 
gray to greenish, fine grained, slaty and flinty rocks, apparent- 
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ly quartz porphyry, and fine grained greenstones. No. 817B 
shows some variolyte-like pebbles. The fissured slate, describ- 
ed above, is seen directly under the conglomerate on the side of 
this hill; in fact the tworocks were seen grading into each oth- 
er. At this place no bedding is seen, but the cleavage of the 
slate strikes N. 30° E., and dip vertical. The pebbles of the 
conglomerate are seen to suddenly grow less and the fissile 
cleavage of the slate disappears, all within a distance of two 
feet, and in this distance the two rocks appear to grade into 
each other. Whether here is an unconformity at the base of 
the conglomerate or a passage from conglomeratic to non-con- 
glomeratic deposits is not clear. 


Lakes in Secs. 1 and 2, T. 65-6 W., and Sec. 36, T. 66-6 W. 


The western and southern of the lakes examined in these sec- 
tions show outcrops of slates and graywacke, while the lake 
which lies mostly in the SW% sec. 36, T. 66-6W., has a coarse 
conglomerate. 

The pond in the SE4 NW sec. 2 shows outcrops largely of 
black slate, often very fissile, with some graywacke; strike N. 
20° to 40° E., and dip from vertical to 70° towards the west 
of this. 

The north shore of the lake which lies along the center of the 
E'% sec. 2 is made of graywacke and black slate, the latter be- 
ing very fissile and, in places, soft. It appears to grade at 
times into a rather soft, green, schistose rock (No. 812A). 
Strike N. 20° to 25° E., dip about 90°. 

The shores of tne lake which lies mostly in SW% sec. 1 are 
made largely of fine grained, greenish graywacke, varying toa 
grit; a little black slate is also present. No.813 shows a facies 
of the rock of this lake intermediate between grit and gray- 
wacke. It contains minute pieces of red jaspilyte and at times 
also pieces of black slate. The bedding in therocks of this lake 
is not very evident, but the strike seems to be about north and 
south and the dip vertical. At one outcrop on the north side, 
near the east end of the lake, bedding is distinct; strike N. 40° 
W., dip 90°. Atthe north end of the lake, at the portage, is 
considerable slate with grit; strike varies from N.70° to 90° E. 
and dip 75° towards the south. 

On the west side of the lake which lies largely in SW sec. 36 
near the south end, in NW4 NW sec. 1, is a fine exposure of 
coarse conglomerate which is very similar to the Ogishke con- 
glomerate as seen at Ogishke Muncie lake. The boulders are 
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numerous, at times making up half, or more than half, of the 
rock. They are of all sizes up to those two feet in diameter, 
and are well rounded, except some of the smallerones. No jas- 
pilyte pebbles were noticed. The principal rock of the boulders 
is a coarse horneblende granite similar to the Saganaga gran- 
ite and evidently from that granitic mass. The matrix of the 
conglomerate varies much; it is usually a coarse or fine grit, 
not slaty, and it frequently has a decided greenish color. No. 
814 shows the conglomerate, No. 814A the common granite of. 
the boulders, and No. 814B fragments of various boulders. 
These include several varieties of greenstone, someof them por- 
phyritic with feldspar, coarse grits quite similarto parts of the 
matrix of the conglomerate, gray flinty rock, and fine grained 
pinkish granite similar to the aplyte dikes in the Saganaga 
granite mass. On the west shore, a little north of this place, 
is another exposure of this conglomerate. Bedding was seen 
in only one place; strike N. 15° W., dip 90°. 

At the west end of this lake, in E% SE\% sec. 35, there is a 
ridge of conglomerate whose matrix is similar to No. 813; the 
pebbles are not very numerous and granite pebbles are rare. 
There are, however, a number of pebbles of a green rock (No. | 
814C) which shows small hornblendes in a hard, indistinctly 
blotched, fine grained matrix; this rock is somewhat similar to 
some of the tuff seen on the north side of Kekequabic lake (see 
No. 1059 of N. H. Winchell’s series of rocks). The rest of the 
shores of this lake have a number of outcrops of conglomerate. 
It varies much in matrix and size and number of the boulders, 
but the coarse granite boulders (No. 814A) are almost every- 
where numerous. Evidences of bedding are not common; in 
one place on the north shore in NE%4 SW sec. 36 the strike is 
N. 40° W., and the dip 90°. 


Lake Avis. 


This lake lies mostly in sec. 35, T. 66-6 W., and extends into 
secs. 26 and 34. The description begins at the point on the 
west shore crossed by the west line of sec.35,and extends west 
and south, ete. The rocks are slates, graywackes and grits, 
some, at least, of the latter being marked tuffs. 

At the end of the point crossed by the west line of sec. 35 are 
black and gray slates; strike N. 80° E., dip 90°. The little isl- 
and just off this point is also made of slates, striking N. 60° E. 
and standing vertical. On the shore a short distance west of 
this point there is slate and coarse grit (No. 818). The rocks 
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have been flexed but show a general east and west strike. This 
rock (No. 818) is distinctly fragmental, the grains being usual- 
ly from one-sixteenth to one-eighth inch in diameter; among 
these grains are quartz, white feldspars and various fine 
grained, almost flinty rock fragments which vary in color from 
light gray to black. In thin section this specimen is seen to be 
composed of a heterogeneous mass of fragments of various min- 
erals and rocks; among these the following are prominent: 
quartz, feldspar, hornblende, quartz porphyry and trachyte. 
There are many fragments of a rock composed of long laths of 
feldspar in a fine grained, greenish, perhaps devitrified ground- 
mass. This rock (No. 818) is regarded as a tuff, and much of 
the rock termed grit in this vicinity is also probably tuffs pass- 
ing into sediments in which the volcanic fragments are less 
abundantly mixed with ordinary sediment. 

The little island in the head of the bay in SE4 NE sec. 34 is 
made of grit and graywacke, twisted some, but having a gen- 
eral north-and south strike. At the west side of the head of 
this bay is a ridge of slate, at times of a greenish color; the 
general strike is north and south, dip 90°. The west shore in 
sec. 34 is made of slates, grits and graywackes, hard, firm and 
non-slaty; strike varies from N. 60° to 90° E., and the dip 
from 90° to 65° towards the north. Here is considerable grit 
(tuff) like No. 818, but not so coarse grained. On the south 
shore in sec. 34 and SW\%4, SW% sec. 35 the rock is hard, gray 
to black slate; dip, in two places, 75° towards S. 60° E. 
On the west shore of the bay in S% SW sec. 35 are several 
outcrops of this same slate, and two outcrops on the east 
shore; strike N. 25° to 55° E., dip about 90°. In theNEY% SW 
4 sec. 35 is a ridge, 100 feet high, of the same slates; dip 90° 
to 70° towards N. 60° W. The point on the east shore near 
the center of the south side of NW\% sec. 35 has hard slates, 
striking N. 30° E. and standing vertical. Along the shore just 
east of this point are several outcrops of the slates, standing 
vertical and striking N. 20° to 40° E. Most of the shore of the 
bay in NW% NE% sec. 35 is made of sand and gravel,—a rare 
occurrence in this part of the state,—and just back from the 
shore is a low drift ridge. A short distance east from the head 
of this bay is a ridge of slate and graywacke striking N. 35° E. 
The point on the east shore crossed by the north line of sec. 35 
has fissile slate and graywacke; strike N. 25° E. A short dis- 
tance north of this is a small island where the rock is split into 
parallel layers from one to eight inches thick, dipping 75° 
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towards N. 60° W. The rock here has been much twisted. 
Near here on the east shore are graywacke and grit; strike N. 
50° E., dip 70°. This grit and graywacke extend along the 
east shore to the north end of the lake. In the bold bluff near 
the north end, on the east side of the lake, the dip is 75° 
towards N. 60° W. From the north end of the lake south, 
along the west shore, to the little point in S¥% NWY%4 NW4 sec. 
35 the rocks are slate, black and gray, graywacke, sometimes 
greenish in color, and grit; strike varies from N. 15° to 40° E., 
and the dip from 90° to 70° towards the west. Some grit like 
No. 818 is seen along this shoreand increases in amount on go- 
ing south. The little point just mentioned is almost entirely 
made of this rock; here the dip is 70° toward N. 40° W. In 
places this rock has fragments one-half inch in diameter. No. 
819, which is similar to but coarser grained than No. 818, rep- 
resents the rock of this point. The prominent hill at the base 
of this little point is made of hard graywacke and grit witha 
few slate bands; strike varies from N. 10° to 80° E., and dip 
almost vertical. 


Lake in N\% Sec. 34, T. 66-6 W. 


This lake has rocky shores and the rock is almost all slate, 
gray and black, sometimes hard and flinty, and sometimes very 
fissile. The strike averages N. 25° to 30° E. and the dip varies 
10 degrees on either side of the vertical. Some little grit was 
seen, especially on the point on the north shore in NW%4 NE%4 
sec. 34 and also on the west side of the lake. At this point the 
strike is N. 30° E. and the dip 90°. Some of the beds of grit 
(tuff) contain fragments of gray to greenish, fine grained rock; 
these are mostly angular and are flattened in the plane of the 
bedding. No. 820 shows the rock with these fragments; the 
weathered end of the specimen is a horizontal surface and the 
flat sides are perpendicular to the bedding. 


Lake at NW Corner Sec. 25, T. 66-6 W. 


This lake also extends into secs. 23, 24 and 26 of T. 66-6 W. 
The east shore has a few outcrops of slate, with some little 
graywacke and grit. A schistose structure, parallel with the 
bedding, sometimes appears. Strike N. 10° to 35° E., and dip 


about 90°. On the north shore are grits striking N. to N. 10° 
W.; dip90°. Ina few places there are small slate fragments in 


the grit. The west shore has grit along its northern half and 
grit and slate along its southern half. 
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West Seagull lake. 


This lake lies largely in secs. 5 and 8, T. 65-5 W. The fol- 
lowing brief notes relate to the granite and its contacts.* 

Nos. 821 and 821A are specimens showing the contact of the 
Saganaga granite and the Ogishke Muncie conglomerate in 
NEY SE sec. 7, T. 65-5 W. 

Near the centre of the SE sec. 7 there are several rounded 
hills of greenstone cut in all directions by branching dikes of 
granite; sometimes these dikes are 30 feet across. The green- 
stone at this place varies considerably in grain, but is perfectly 
massive. No 822 isa good representation of the usual green- 
stone of this place; it is a rather fine grained, hard, dark green 
rock composed essentially of hornblende and feldspar, the 
former in large amounts. A figure in thechapter on the Akeley 
lake plate in vol. IV. of the final report shows the relations of 
the greenstone and the granite. The granite is similar to the 
main mass of the Saganaga graniteasexposed at West Seagull 
lake. But sometimes, near the locality here described, the 
granite in the dikes becomes some finer grained and poorer in 
quartz as the distance from the main granite area increases. 


South of Seagull lake in T. 65-5 W. 


The notes here given treat of the Saganaga granite and the 


’*greenstone to the south of it. They are a continuation of the 


notes given on page 78 of the 20th Annual Report. 

On going east, along the north line of sec. 22, from the north- 
west corner of this section the greenstoney is seen in several 
outcrops just east of thesectioncorner. This rock is here some- 
times massive and sometimes schistose, the schistose cleavage 
striking about east and west and standing vertical. No. 823 
represents the schistose phase of this rock. Less than one- 
eighth mile from this section corner are two outcrops of a gray 
porphyry (No. 824) which consist of rather small, white to 
pinkish, porphyritic feldspars in a fine grained groundmass ap- 
parently of hornblende and feldspar. In places the porphyritic 
feldspars are in part arranged with their long axes in one 
direction (east and west) and there is also an indistinct schist- 
ose structure which runs in the same direction and stands 
about vertical. In one small area this porphyry was seen in 
sharp contact with the greenstone. About one-eighth mile 


*Other notes on the geology of this lake may be found in the 16th Ann. Rept., pp. 
293-295; 20th Ann. Rept., pp. 83-86. 

+In 20th Ann. Rept., p. 88, called mica schist,—more properly a greenstone schist or 
hornblende schist. 
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from this section corner the granite appears. At first it is a 
fine grained rock (No. 825). A few outcrops of rock similar to 
this are seen and then the ordinary granite occurs, extending 
to the 4 post. This granite, while being in general similar to 
the main mass of the Saganaga granite to the north, is a little 
finer grained than usual and has less abundant quartz, whicb 
mineral is at times almost entirely lacking. Biotite in consid- 
erable amount is seen in places in this granite. No. 826 repre- 
sents the granite from the place it was first seen to the 4 post. 
In a few places this granite has vein-like forms of rock similar 
to No. 825. From the 4 post east to the northeast corner of 
sec. 22 the granite occurs inseveral places. Asa rule it has lit- 
tle quartz and considerable biotite and is a hornblende-biotite 
syenyte. In places there is an indistinct gneissic arrangement 
of the minerals which runs about east and west and stands 
vertical, and in other places the rock is perfectly massive. 
From the northeast corner of sec. 22, eastward along the 
north line of sec. 23, to the quarter post, the granite occurs in 
many outcrops. It is the same hornblende-biotite syenyte, and 
the gneissic structure, while not very distinct, is still oftenseen. 
From the quarter post to the northeast corner of sec. 23 the 
syenyte becomes more gneissic and chloritic rather than horn- 
blendic. This is shown by No. 827. The rock is in places 
much darker colored, as shown by Nos. 827A and 827B. ey 
On the east line of sec. 23, the granite extends southward for 
nearly a quarter of a mile from the northeast corner of this sec- 
tion. It is well represented by the specimens mentioned above 
(Nos. 827 to 827B). Nearly one-fourth mile from this section 
corner the greenstone appears. A few rods east of the section 
line granite is seen running through the greenstone in the form 
of dikes. About a dozen of these dikes were seen, varying in 
width from one to twenty-five feet, and in general, though not 
always, having an east and west direction. The contact with 
the greenstoneissharp, but neither of the rocks appears particu- 
larly different at the contact than away fromit. In places the 
granite holds fragments of the greenstone. In some places 
both the greenstone and the granite show an indistinct schist- 
ose structure running east and west and standing vertical. 
No. 828 shows the granite and a small part of a greenstone in- 
clusion. No.829 and 829A show the greenstone, the latter rep- 
resenting the large amount of the greenstone at this place. 
Just south of this place is a steep sided valley, running east and 
west, with a prominent hill on its south side. On ascending 
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this hill the greenstone is seen in many places. and there is a 
small amount of a porphyry similar to No. 824. The green- 
stone varies in grain, but is a green, dioryte-like rock. Nos. 
829B to 829D represent the greenstone from this hill, No. 829C 
representing the usual faciesof therock. No.829B shows some 
quartz grains. Near the east quarter post of sec. 23 the green- 
stone is represented by No. 829E. 

Going south, on the west line of sec. 23, from the northwest 
corner of this section the granite is seen in a fewoutcrops. The 
greenstone occurs at about one-eighth mile from this section 
corner. About one-fourth mile from the corner, porphyry, sim- 
ilar to No. 824, is seen. The greenstones occur quite frequent- 
ly south of this. South of the west quarter post of sec. 23 the 
greenstone in places is composed of rather indistinctly outlined 
areas of a green and of a purplish color (No. 830). Between 
this quarter post and the southwest corner of the section a 
small amount of a hard, very fine grained gray rock (No. 832) 
was seen, also a small amount of fine grained, light gray 
rock (No. 831), porphyritic with small feldspars and horn- 
blendes. About one-eighth mile north of the southwest corner 
of sec. 23 is asmall ridge of porphyry similar to No. 824. 

On the west line of sec. 26, a short distance south of the 
northwest corner of the section, is a ridge of porphyry (No. 
833) similar to No. 824. Farthersouth are many outcrops of 
greenstone (No. 834) which show scattered hornblende crys- 
tals. In places on the weathered surface of the greenstone 
more or less rounded (but usually well rounded) fragments are 
seen included in the greenstone; these are usually under two 
inches in diameter, but sometimes, especially in E42 of NE% 
sec. 27, they are six inches in diameter. These fragments are 
not usually distinct on a fresh fracture, as they are quite sim1- 
lar to the matrix. One of the specimens numbered 834 shows 
some of these fragments. No parallel arrangement of these 
fragments or other indications of bedding are seen. In one ex- 
posure at the W%4 post of sec. 26 a few fine grained granitic 
and slaty fragments or pebbles were seen in this greenstone. A 
short distance north of the southwest corner of sec. 26 medium 
grained gabbro occurs,* and southof this to thestream a short 
distance south of this section corner the greenstone is seen. 
West of this section corner greenstone was seen, and also along 
the sonth line of sec. 26. eastward to the stream. 


*This is the only place where an isolated mass of gabbro has been seen by the 
writer north of the gabbro boundary. At the time it was seen its true importance 
was not recognized, and in the later field work this outcrop was forgotten. 
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Along the north line of sec. 27 are some outcrops of green- 
stone similar to No. 834, but not showing pebble forms or 
fragments. About one-eighth mile west of the northwest cor- 
ner of this section and just south of a pond is an exposure of 
porphyry similar to Nos. 824 and 833. 

Along the west line of secs. 27 and 34 the greenstone extends 
south almost to the small lake which is one-fourth of a mile 
south of the northwest corner of sec. 34. The rock resembles 
No. 834 and in some places has the foreign fragments above 
mentioned. Just north of this lake is an east and west ridge 
on the north side of which is the greenstone. This has a yel- 
low, granular appearance. On the top of the ridge is gabbro 
of medium grain, and the same rock is seen near the section 
line on the south shore of this lake. Eastward from thenorth- 
west corner of sec. 34 for half a mile no exposures occur. 

On the east line of sec. 21, south of the 4% post, the green- 
stone forms several steep ridges usually trending east and 
west. On the south line of this section, east of the 4 post, are 
many outcrops of greenstone, coarser grained than usual and 
similar to Nos. 834 and 829A. Oftentimes pebbly areas are 
seen where the pebble-like forms are well rounded. No bedding 
was seen. West of this 4 post the greenstone continues in 
numerous outcrops, varying considerably in grain and com- 
position. In places it is purple like No. 833, and in other 
places it approaches an argillyte, and in some of the latter 
places are twisted laminz much resembling those seen in sedi- 
ments, although no other evidence of bedding was seen. No. 
835 shows a quartziferous phase of the greenstone from the 
south side of SW% sec. 21; this is quite probably a sediment- 
ary rock. Along the west side of sec. 21 greenstone outcrops 
arecommon. Along the north line of sec. 21, west of the 4 
post, is more greenstone at times becoming coarse grained; 
this is represented by No. 836 which seems to be a coarse dia- 
base considerably altered. East of this 4 post to the north- 
east corner of sec. 21 the greenstone is finer grained and resem- 
bles No. 823. 

Seagull Lake.* 

This is the large lake lying mainly in the northeast quarter 
of T. 65-5 W. The notes are confined to two diabase dikes 
which cut the Saganaga granite (the rock of this lake), and to 
a peculiar rock from Cucumber island (the largest island in 
this lake). 


. 


*For other notes on this lake see 10th Ann. Rept., p. 88; 16th Ann, Rept., pp. 295- 
299; 20th Ann. Rept., p. 88. 
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A diabase dike, trending northeastwardly, occurs at the 
southeast side of the large island in sec. 15, T. 65-5 W.; and 
another diabase dike occurs on the northwest side of Cucum- 
ber island in NEY NW% sec. 12, T. 65-5 W. 

On the northwest side of Cucumber island, in SW% NW% 


sec. 12, T. 65-5 W., is a peculiar greenish rock* which has a 
rough weathered surface. This rock (No. 837) is now much 


altered and has in it much calcite; its original nature has not 
been determined, but it was quite evidently a rather basic igne- 
ous rock, perhaps a camptonyte, which probably cut the sur- 
rounding granite. No contact between the two rocks was 
seen, but an angular granite fragment was found in No. 837. 
This rock contained two kinds of phenocrysts, one of which is 
completely altered to a greenish mass, and the other is of a 
darker color and in the center of some of these darker areas is 
a small amount of a comparatively fresh, red mineral. On the 
weathered surface is a thin, yellow-brown, oxidized film whose 
outer surface is black. 


Lake in NW sec. 20, T. 65-5 W. 


The shores of this lake show a number of outcrops of green- 
stone well represented by No. 838. A few sub-angular frag- 
ments darker than the main mass of the rock were seen includ- 
ed in the greenstone; one of these is inthe sample collected. No 
evidence of bedding was seen. 


The iron-bearing and associated rocks west of Gunflint lake, 
mostly in Ts. 65—5 W. and 65-4 W. 


The following notes give details concerning the geographical 
distribution and relations of the rocks westward from Gun- 
flint lake for about twelve miles. The distribution of these 
rocks is shown on the Akeley lake and Gunflint lake plates of 
volume 4. of the final report of this survey, and also on the ac- 
companying map, which is here introduced that the following 
notes may be more easily understood. The oldest rocks of this 
district are Archean granites and greenstones with some sedi- 
ments (Keewatin) on the west. Theseare overlain unconform- 
ably by southward dipping Animikie strata, the lower member 
of the Animikie being the iron-bearing horizon. Over the Ani- 
mikie is a later mass of coarse gabbro, and this igneous rock 
has metamorphosed the iron-bearing horizon of the Animikie, 
especially along its narrow western prolongation, into a coarse 


*This is called ‘‘chlorito-graywackenitic conglomerate’ in the 16th Ann. Rept., p. 


298, rock number 597. 
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grained banded rock which is here termed a ferruginous quartz- 
yte. This rock is composed of quartz, magnetite (this mineral 
often being in large enough amounts to constitute an ironore), 
olivine and formis of pyroxene and amphibole.* The Animikie 
strata have been intruded by diabase sills. 

Gabimichigama jake. The west shore in sec. 36, T.65-6 W., 
and N'% sec.1, T.64-6 W., has many outcrops of a fine grained, 
granular, gray rock (No. 840), which seems to be part of the 
Keewatin. It isin some places distinctly banded, as if hy sed- 
imentation, but the bands are much contorted and frequently 
disappear entirely. This rock often shows a pronounced joint- 
age which separates therock into nearly horizontal layers. On 
the west shore, near the center of the S14 of sec. 1, T. 64-6 W.., 
the rock is in general similar to No. 840, but in places has 
small amounts of magnetite, as shown by No. 841A. On the 
north shore of the bay, in S¥%2 SW sec. 1, T.64-6 W., isan out- 
crop of a medium grained yellowish rock (No. 841A) in which 
biotite flakes are abundant. In section this rock is seen to be 
largely composed of biotite, feldspar and quartz. The quartz 
incloses poikilitically the feldspar, which, in considerable part 
at least, is plagioclase. This rock is regarded as belonging to 
the Keewatin rocks metamorphosed by the gabbro. At the 
west end of this bay rather coarse grained, biotitic gabbro 
(No. 841) occurs. On going northwest from the northwest 
side of this bay, for half a mile rock similar to No. 840 is seen. 
It is uniformly fine grained and shows little evidence of sedi- 
mentary bandings. The south shores of this bay and the 
shores of the bay in the N42 N% of sec.12, T.64-6W., are made 
of the usual coarse gabbro. The same rock is also seen on the 
portage, which starts from the southeast corner of the last 
mentioned bay, and on the northeast corner of the small lake, 
elongated in an east and west direction, in the S% N'% of the 
same section. 

At the end of the point on the north side of this bay is the us- 


*It is only just to state thatall the geologists who have published anything concern- 
ing the belt of rock here called ferruginous quartzyte donot agree with the abovestate- 
ment as to its age and origin. It is evident from the writings of Dr. W.S. Bayley that 
he considers it as a part of the gabbro. Prof. N. H. Winchell, who has until lately re- 
garded it as Animikie, now considers that this rock represents a metamorphosed con- 
dition of Keewatin sediments. Messrs. H. V. Winchell and A. H. Elftman agree with 
the writer in regarding this rock as a metamorphosed condition of the iron-bearing 
member of the Animikie. 

+This lake lies mainly near the S. W. corner of T. 65-5 W., and extends into the ad- 
joining townships. Notes upon the geology of Gabimichigama lake may be found in 
the 10th Ann. Rept., p. 98; 15th Ann. Rept., pp. 167-172, 378-381; 16th Ann. Rept., 
pp. 89-95; 17th Ann. Rept., pp. 110-111; 21st Ann. Rept., p. 159; 24th Ann, Rept., p. 
104. 
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ual gabbro, but on the north side of thic point, near its end, the 
gabbro is cut by a dike 16 feet wide. This dike dips 80° to- 
wards S. 50° W.; both sides are exposed. The rock from the 
center of the dike is a medium grained, somewhat altered dia- — 
base (No. 842), while the edges of the dike are very fine grained 
(No. 842A). The usual gabbro extends, along the southshore, 
from this dike eastward to the end of the bay in SE4% SE sec. 
1, T. 64-6 W. On the north side of this bay is a rather fine 
grained, gray to yellowish, granular rock (No. 843), which is 
lithologically a gabbro. It contains a few, not prominent, 
porphyritic plagioclases. Just northwest of this the ferrugin- 
ous quartzyte appears; it dips 40° towards NNE. Farther 
northwest along the shore is more of this rock and here it is in 
places represented by No. 844 (SW%4 SE™% sec. 1), a peculiar, 
rather fine grained, dark yellowish gray rock, similar to No. 
882, which see. At the extreme western end of the blunt point 
in SE\% sec. 1 is an outcrop of coarse gabbro, and just to the 
north is more of the ferruginous quartzyte. The two rocks 
were seen within five feet of each other and here the gabbro is 
a little finer grained. On the north side of this point and in N 
E\% SE sec. 1, T. 64-6 W., is some white to yellowish, granu- 
lar rock (Nos. 845 and 845A), which seems to be composed ‘of 
feldspar and quartz, with some biotite. On weathering some 
indistinct boulder-like forms, up to those a foot in diameter, 
nearly like the rock itself, are seen. There are two sets of joint 
planes in this rock, dipping respectively about 7 75° towards the 
porth and 30° towards the south. On searching along the 
shore just to the southwest a contact between this rock and 
the ferruginous quartzyte was found. The contact plane is 
about vertical and the quartzyte strikes nearly N. andS$. Be- 
tween the two rocks is a layer, an inch or two in thickness, of 
decayed rock, and the two rocks seem quite distinct from each 
other, the quartzyte being easily distinguished by its coarser 
grain, banding and presence of much magnetite. The exact 
meaning of this contact cannot be stated with certainty, but 
in the mapping Nos. 845 and 845A have been considered as 
Keewatin rocks, which are overlain unconformably by the fer- 
ruginous quartzyte (iron-bearing member of the Animikie), 
and both have been completely crystallized by the gabbro. 

A short distance northeast of this the quartzyteis seen again, 
here forming a noticeable westward facing cliff. Here the dip 
is about 20° towards the E, No.846 is a sample of the quartz- 
yte from this locality. This quartzyte extends eastward to the 
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west side of the bay near the center of the west side of sec. 6, 
T. 64-5 W. On the east side of this bay a fine grained diabase 
dike, 5 feet wide, cuts the gabbro. This dike stands vertical 
and strikes N. E., appearing again on the east side of thé point 
which makes the east shore of this bay. On the end of this 
point is more fine grained diabase,—evidently part of a dike, 
but the dike walls were not seen. The gabbro continues east- 
ward and northward, along the shore, in sec. 6, T. 64-5 W. 
Here on the south shore it is frequently much decayed and 
crumbling into rusty soil. On the north line of secs. 5 and6, T. 
64-5 W., between Gabimichigama and Clothespin (Peter) lake 
no rock but the usual coarse gabbro was seen, and the same is 
true along the north half of the west side of sec. 5. 

The shores of the island in the NW% sec. 6, T. 64.5 W., are 
of coarse gabbro, except for the southern shore which is com- 
posed of fine grained, granular, Keewatin rock, not stratified 
as far as seen. In one place the gabbro was seen within ten 
feet of this rock, and the former still retained its coarse zrain. 
At the southwest corner of the island is the locality figured sev- 
eral years ago.* The fragments included in the gabbro show 
no distinct stratification lines. The gabbro is still of coarse 
grain, even when in small stringers. The included fragments 
represented by No. 847 (which also well represents this rock 
all along the southern shore of this island), are of various 
shapes and sizes and many have rounded outlines.+ 

The island at the northeast corner of the NW14 NE sec. 6, T. 
64-5 W., is made largely of the yellowish Keewatin rock which 
shows much twisted and broken sedimentary bands. In places 
boulder-like forms appear where the rock has weathered. The 
east end of this island has gabbro and this is cut bya few dikes 
of medium grained reddish granite (No. 849). Theseare some- 
times two feet in width. 

The promontory in the SW14SW% sec. 32, T. 65-5 W., has 
gabbro along its west side for a short distance north of the 
township line, but most of the west side and the north part of 
the east side is made of the fine grained, yellowish Keewatin 
rock. This often shows evidence of bedding, but it has been 
much crumbled. The little island just west of the end of this 
promontory is of this same rock, which is usually decayed and 
crumbling. Gabbro occurs on the east side, near the middle of 
this promontory, and extendseastward along theshore almost 
to the end of the point in the NE% SW%sec. 32. Inthe SE%4 


*15th Ann. Rept., p. 172. 
;In thin section the rock 847 is seen to exhibit an ophitic relation between the augite 
and the feldspar.—[N. H. W.] 
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SW of this section, a short distance southwest of the portage 
to Clothespin (Peter) lake, the gabbro is cut by a small dike of 
fine grained diabase. Near here is a green coating on the gab- 
bro already described.* There are also a few veins of gabbro 
pegmatyte at this place. No. 848 is partofa pyroxene crystal 
from one of these veins. At the end of the point in NE4%SW%4 
sec. 32, the rusty Keewatin rock appears again. It is here dis- 
tinctly bedded, standing about vertical and striking N. 80° W. 
It is cut by a set of joint planes dipping about 15° toward the 
east. This rock extends along the west shore of this point al- 
most to its base, where the gabbro is again seen. 

The north shore in the NE sec. 31, T.65-5 W., shows slates 
and graywackes, striking about N. 45° W., and standing ver- 
tical. 

Crooked Jake isa narrow lake, trending northeast and south- 
west, in the SE™% of sec. 6 and W% of sec. 5, T. 64-5 W. The 
shores are of the usual coarse gabbro, often decaying. From 
the west end of this lake a trail leads southwest to Little Sag- 
anaga lake in NW%4, NE%4 sec. 7, and another trail leads north 
to Gabimichigama lake; the usual gabbro is the only rock seen 
along these trails. 

Clothespin (Peter) lake extends east and west through the 
S\% of sec.33, T.65-5 W., and into secs.32 and 34. Theshores 
of this lake were examined, as was also the country in several 
places for short distances both north and south of the lake, and 
no rock other than the usual gabbro was seen. 

Little Saganaga lake is the large lake lying mainly in secs. 7, 
8; 9,16, 17 and 18, of T. 64-5 W. Its shores are made of gab- 
bro of the usual kind except for local variations in the relative 
abundance of the constituent minerals, and there aresome areas 
of much finer grained gabbros. 

The shores of the bay in the SW\ of sec. 5, T. 64-5 W., were 
examined, as were also the lake shores west and south of this 
to the extreme southwest corner of the lake; the rock is the 
usual gabbro, and is of rather medium grain for this rock. In 
the SE\% of sec. 12, T. 64-6 W., the gabbro is cut by two fine- 
grained diabase dikes, each about a foot wide; one of these is 
nearly horizontal and the other dips 60° towards the north- 
west. The prominent hill near the center of the S\% of sec. 12, 
T. 64-6 W., is made of the usual gabbro and a much finer 
grained, granular rock (No. 850) which seems to be in compo- 
sition alsoa gebbro. This latter rock exists in large amount 


*16th Ann. Rept., p. 92. 
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and, in fragments of various sizes, is included in the gabbro 
which also cuts it in many dike-like forms. These fragments 
of finer grained rock are commonly sharply marked off "from 
the gabbro proper, but in some places the two rocks seem to 
blend. 

The rest of the shore of little Saganaga lake was examined 
carefully. The gabbro outcrops nearly continuously along the 
shore. In sec. 16, T. 64-5 W., and along the whole of the 
south shore the gabbro is very rich in feldspar and becomes an 
anorthosyte. No. 851, from SE% NE sec. 16, represents this 
facies of the gabbro which is composed practically entirely of 
plagioclase. In places branches of 3 to 12 radiating plagio- 
clases (one to one and a half inches long) are seen in a matrix 
of plagioclase ; these forms at times are quite marked on weath- 
ered surfaces. 

The gabbro of this lake, especially on the south and east 
shores, is in many places decaying into soil. Sometimes this 
decay takes place throughout the rock andsometimes boulders 
are formed. These are of various sizes, from two inches to 
three feet in diameter, but it is noticeable that in any given de- 
caying bluff the boulders of disintegration are all of nearly the 
same size. Notwithstanding this decayed condition of the gab- 
bro there are many foreign drift boulders and many rounded, 
fresh bosses which show glacial striz. The decay of the:gab- 
bro here is often as marked as inthe apparently unglaciated re- 
gion already mentioned,” but at little Saganaga lake the two 
facts mentioned in the last sentence show that this district 
is a glaciated one. 

Along the east and south shores in secs. 16 and 17, T. 64-5 
W., 20 to 30 small dikes of granite were noticed in the gabbro. 
These run in every direction and frequently branch. Most of 
them were seen in El2sec. 16. They vary in width from two 
inches to four feet, and some of the larger ones were somewhat 
finer grained at their edges than in the centers. The rock of 
these dikes is represented by No. 852, a fine-grained, reddish, 
hornblende granite. 

The prominent hill in SE4 NW% sec. 9, T. 64-5 W., is made 
up of gabbro which is almost wholly composed of plagioclase. 
The shores of the lake in W1% SE%, same section, are of this 
same rock—anorthosyte. On going north fromlittle Saganaga 
lake, on the west line of this section to its northwest corner, 
gabbro was seen in several places. At a short distance south 
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of this section corner is a hill of the usual gabbro and a fine- 
grained gabbro (No. 855). 

West of Little Saganaga lake in T. 64-6W. On the pore 
which runs southwest from the southwestern end of Little 
Saganaga lake (near NE corner of sec. 24, T. 64-6W.) the rock 
is coarse anorthosyte. Near the northeast end of the portage 
this rock is cut by a dike of diabase which stands vertical and 
strikes N. 28° W. The dike is 15 feet wide and was traced for 
over 200 feet. No. 853 is from the center of this dike; the edges 
are much finer grained. The shores of the lake in SW% sec. 13 
and NW% sec. 24 were examined, except the south half of the 
east shore; the rock is anorthosyte. The shores of the lake in 
Sl sec. 23 and NW sec. 26 were also examined; the rock is 
anorthosyte. West of the last lake is another, in S¥% sec. 22; 
the shores of this lake are of the usual gabbro,—not anortho- 
syte, as are also the shores of a small lake probably in SW%4 
sec. 21. These two lakes are not shown on the township plat. 
Gabbro is also seen from the last mentioned lake westward to 
the lake in S% sec. 20.* On going northward from this last 
lake for about a mile, on west lines of secs. 21 and 16, the usual 
gabbro was seen in many places. , 

From a pond in SE4% SW% sec. 12, T. 64-6W., a trail leads 
southwest for about half a mile to a small lake. On this trail 
the usual gabbro is seen in several places, but on this trail, a 
few yards from the pond just mentioned, is an exposure of gab- 
bro which contains quartz in small grains evenly disseminated 
throughout the rock (No. 854). In places the rock becomes 
quite coarse, as is shown by No. 854A, which seems to be a 
quartz dioryte. In both Nos. 854 and 854A is some pinkish 
feldspar. 

Magnetic iron ore,—the ferruginous ae: te of the Ani- 
mikie—is reported from just south of the north line of sec. 18, 
and also from the center of sec. 18, T. 64-6W. 

East and West lake} is an irregular body of water lying in 
SW sec. 14, SE% sec. 15 and NW% sec. 23, T. 64-SW. The 
shores of this lake were examined and found to be of rather 
coarse gabbro; it is usually composed largely of plagioclase 
with very little pyroxene, and frequently plagioclase and mag- 
netite are the only minerals, the latter, however, not making 
more than one-fourth of the rock mass. Four granite dikes, 
not more than six inches in width, were seen cutting the gab- 
bro. 


*For notes on this lake see p. 92. 
4#See 10th An. Rept., p. 98, rock No. 771. 
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Southern part of T.64-5W. A stream called Little Sagan- 
aga river enters the southwest corner of East and West lake. 
On following up this stream to the lake, which lies at the 
northeast corner of sec. 27, gabbro was seen in several places. 
Near a portage along this stream, probably in NW%4 SW% sec. 
22, is considerable fine-grained gabbro represented by No. 856. 
The gabbro along this stream is of coarse grain and in many 
places is practically all plagioclase. The shores of the lake last 
mentioned are of gabbro; on the north side, included in the 
gabbro, is some fine-grained gabbro similar to No. 856. This 
fine-grained gabbro, which is usually most abundant near the 
north limit of the great gabbro mass, is here found about five 
miles south of the northern edge of this mass. Here are alsoa 
few small granite dikes. Southward from this lake for about 
a mile, along the stream, gabbro of very coarse grain is seen, 
cut in a few places by red granite dikes. 

Secs. 11, 12, 13 and 14, T. 64-5W. Gabbro was seen in sev- 
eral places along the east shore of the narrow lake (not shown 
on the township plat) which extends north and south through 
the center of the northern three-fourths of sec. 14. The shores 
of Greenwood Island lake (the large lake in sec. 11) were ex- 
amined; the rock is all gabbro of the usual kind and rather 
coarse in grain except along the bay in NE% SE% sec. 11, 
where the gabbro is of finer grain and shows a somewhat 
gneissic arrangement of the minerals. This structure, which is 
only local, dips 30° to 40° towards the south. On going, from 
the east end of this bay, east to a small lake near the center of 
sec. 12, and north to a small lake on the east like of sec. 11, 
gabbro is seen in several outcrops. The shores of the narrow 
lake on the west side of sec. 13 and those of a smaller lake just 
west of the center of this section show outcrop of the usual 
gabbro. On the west shore of this narrow lake some green 
copper carbonate stains were seen on the gabbro. 

Bashitanaqueb lake* lies mainly in sec. 2, T. 64-5W. Its 
shores are of the usual gabbro and fine-grained gabbro. 

On the point, on the north shore of this lake, in SW4%4 NW%4, 
sec. 2is the usual gabbro. This extends north along the shore 
for only a short distance and is seen holding pieces of the fine- 
grained gabbro or granulitic gabbro, which soon occurs in 
large amount on the east shore of the bay in W1% NW sec. 2, 
and also in prominent hills on the northshoreof thisbay. This 
rock is split into parallel layers, from an inch to a foot or more 


*See also 16th Ann. Rept., p. 89; 21st Ann. Rept., p. 160. 
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in thickness, which dips 5° to 10° towards the south. The 
rock weathers rusty and crumbles into soil, the decay pro- 
ceeding more rapidly along the cracks which separate the dif- 
ferent layers, and thus the layers are made moré prominent. 
The rock is of fine grain and where fresh is of yellowish gray or 
greenish gray color. Nos. 857 and 857A represent the fresh 
rock on the north side of this bay, and No. 857B shows the 
rock beginning to decay. Lithologically these rocks are gran- 
ulitic olivine gabbros. No difference between the different lay- 
ers was noticed. Going south along the west side of this bay 
the same granulitie gabbro is seen a few yards back from the 
shore, but before reaching the point in SW%4 NW sec. 2 the 
ordinary gabbro again appears. The granulitic gabbro in 
places shows no sign of the layers mentioned above, but as a 
rule these are more or less noticeable; they have a constant 
southerly dip of from 5° to 10°. The usual gabbro continues 
south and west along the shore, to a small stream which en- 
ters Bashitanaqueb lake in NE%4 SE% sec. 3.* 

The rest of the shores of this lake were examined and the 
rock was found to be the usual gabbro, except for small 
amounts of the granulitic gabbro included in the other. The 
rock of this lake is of a little finer grain than usual and at 
times the feldspars are in plate-like forms, frequently with their 
flat sidés approximately parallel, thus giving a gneissic struct- 
ure to the rock. Where this structure is seen it is commonly 
horizontal, but varies somewhat and rapidly disappears alto- 
gether. This gabbro of this lake is rich in olivine, that mineral 
usually being in excess of the pyroxene. No. 858 represents 
the rock of this lake; it also shows the plate-like forms of the 
plagioclases. This number is from the south shore in NE% 
NW sec. 11, T. 64-5W., just east of the outlet. In this sec- 
tion the olivine is seen to be in part later than the feldspar. In 
the N¥%Z SE sec. 3, in places, small nodular bodies, from one- 


half to two inches in diameter, are seen in the gabbro. They . 


seem to be aggregations of the basic minerals of the rock. 
These nodules are not sharply defined from the rest of the rock, 
and are hardly distinguishable except where the rock is weath- 
ered. They are somewhat irregular in shape, but have in gen- 
eral roughly spherical outlines. No. 859 represents the main 
rock at this place and No. 859A the nodules. 

About this lake the gabbro in places presents a layered ap- 


*This granulitic gabbro in layers is shown by figs. 5 and 6, plate MM, Vol. IV of 


the final report. 
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pearance, the different layers are uniform in composition and 
are separated from each other simply by acrack. These lay- 
ers vary somewhat in position, but are more generally nearly 
horizontal than otherwise. 

Along the north line of sec. 3, T. 64-S5W., between Bashitan- 
aqueb and Kakigo (Black Trout) lake considerable granulitic 
gabbro is seen, and also a little of the ordinary gabbro. 

In going northeast from Bashitanaqueb lake, from the 
meander corner of the north line of sec. 2, for about half a mile 
much granulitic gabbro was seen; but on coming south to- 
wards the lake the usual gabbro was found. In one place, 
near north line of sec. 2, the granulitic gabbro shows the lay- 
ered appearance and also, in a small area, a banded gneissic 
structure parallel to these layers. The banded gneissic struct- 
ure is shown in No. 863, which is a granulitic olivine gabbro 
with some biotite and abundant magnetite. Sometimes the 
olivines are of considerable size and hold poikilitically rounded 


_plagioclases. 


Muscovado lake is situated in the SW sec. 36, T. 65-5 W. 
Its shores are mainly of granulitic gabbro, except its south- 
western shore which is of the usual gabbro. The granulitic 
gabbro shows a more or less distinct layered nature, but the 
direction of the dip of these layers is not as constant as on 
Bashitanaqueb lake. On the south shore of Muscovado lake, 
just east of the portage to Bashitanaqueb lake the granulitic 
gabbro, as shown by No. 860, is not as fine-grained as usual. 

At the southeast corner of Muscovado lake, a few yards back 
from the water and near the portage, is an exposure of the 
granulitic gabbro which shows a banded yneissic structure, 
dipping about 30° towards the south. The rock here is also 
well represented by No. 863, which is from another locality.* 

On going north, from Muscovado lake, on the west line of 
sec. 36 a prominent ridge, 180 feet above the lake, composed 
of granulitic gabbro is crossed. A short distance north of the 
west 14 post of sec 36 the usual gabbro occurs and continues 
north to the northwest corner of this section. In places con- 
siderable granulitic gabbro is included in the usual gabbro. A 
short distance north of this section corner, but just south of 
the stream, is a ridge, trending east and west, of the ferrugin- 
ous quartzyte; dip 65° towards the south. 

Lake in center of sec. 3, T. 64-5W. This lake is not shown 
on the township plat. The shores, except the northeast shore 


*See above. 
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which is of granulitic gabbro, are of the usual gabbro. On the 
south shore, in NE% SW% sec. 3, is an outcrop of a medium- 
grained, dull reddish granite (No. 861). It was not seen in 
contact with the usual gabbro, but is in sharp contact with a 
small area of granulitic gabbro; the relative ages of the two 
rocks are not shown. The hillin the SE% NE sec. 3 is made 
mostly of the usual gabbro, but its western side is of granu- 
litic gabbro. 

Kakigo (Black Trout) lake and northward. This lake lies 
in SW% sec. 34, T. 65-5W. The western and northern shores 
are of the usual gabbro, which here and in the vicinity (as at 
Bashitanaqueb lake) is usually well supplied with olivine. 
Granulitic gabbro makes the hill at the eastend of the lakeand 
extends in general along the south shore. On the north shore 
in NW\% SW% sec. 35 the gabbro has a pronounced layered 
structure. The layers average about a foot in thickness and 
dip 15° towards the south. 


On and to the east of the two portages along the stream,. 


just north of Kakigo (Black Trout) lake, the usual gabbro oc- 
curs, and the same rock is seen a few rods northwest of the sec- 
ond portage. A little further northwest, on the south side of 


a little bay (near center of NE% sec. 34), the ferruginous — 


quartzyte occurs dipping about 60° towards the south. This 
rock outcrops along the north side of a narrow ridge, and was 
traced westward, in a narrow belt about one-fourth mile 
south of the north line of sec. 34, to within one-eighth mile of 
the west side of this section. To the north of this ridge is a 
narrow valley and then ahigher east and west ridge composed 
of greenstone.* Ina few places pebble-like forms were seen in 
this rock. The ferruginous quartzyte rock has gabbro on the 
south of it. This quartzyte in places along this ridge is very 
finely banded as is shown by No. 862. This ferruginous 
quartzyte extends in a narrow belt eastward along the south 
side of the stream in NY% NW\sec. 35. Just to the south of 
this is the usual gabbro. 

Secs. 21 and 27 to 30, T. 65-4W. Greenstone is the only 
rock seen on the west line of sec. 28, north of the stream enter- 
ing the east end of Akeley lake. The same rock extends north- 
ward along the west line of sec. 21 until within about one- 
fourth mile of the north line of this section where granite occurs 
and extends north to the section corner. The granite here is of 
medium grain and has at times a gneissic structure standing 


*Compare Nos, 1778, 1780, and 1781 of the rock series of N H. Winchell, 
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vertical and running east and west. The minerals of this rock 
here are mostly feldspar and hornblende, or more usually bio- 
tite. Along the north line of sec. 28 greenstone occurs. About 
100 yards north of this line (in SE%4 SE% sec. 21) is an outcrop 
oi distinctly banded rock dipping 75° towards the north. The 
rock is composed of bands and fine laminz of magnetite and a 
fine-grained greenish siliceous rock. The bands and laminz 
vary from minuteness to those three incbes wide. No. 864 rep- 
resents the rock as a whole, No. 864A is from one of the green- 
ish bands and No. 864B shows one of the magnetite bands. 
The rock as a whole is probably one-third magnetite, but none 
seen is suitable for good ore. This rock is regarded as part of 
the Animikie strata. More outcrops are described in the fol- 
lowing notes. See section CD on the map, figure 4, page 123, 
also see page 140 for further notes on this magnetic slate. 

About fifty yards north of the wagon road and a few rods 
east of the west line of sec. 27 a pit has been sunk. The rock is 
greenstone with a thin capping, two or three feet thick, of iron 
ore (Aniinikie). 

On the north line of sec. 29 west from the northeast corner 
of the section to a small lake, and also along the north shore 
of this lake fine-grained greenstone is seen showing a few 
twisted laminations on the weathered surface. On this section 
line west of this lake the greenstone is coarser grained. Green- 
stone also occurs along the north line of sec. 30, and along the 
east line of this section as far south as the quarter post, ashort 
distance south of which a small amount of the ferruginous 
quartzyte appears. 

Lakes in sec. 19, T. 65-4 W:, and sec. 24, T. 65-5 W. The 
shores of the lake in sec. 24 are of massive greenstone, well 
represented by No. 865 from the south shore of the lake in NE 
4 SE sec. 24,—a fine grained greenstone. In places the rock 
is crossed by numerous veinlets of chloritic material, and this 
gives the rock the appearance of a breccia cemented by the 
chloritic material. In places the rock is coarser grained, as 
shown by 865A. In the extreme‘northeast corner of NEY% SW 
14 sec. 24 a fine grained syenyte porphyry is seen at the base of 
a hill. Farther up on the hill is greenstone and the two rocks 
were seen in contact, the porphyry (No. 866) being apparently 
finer grained here (No. 866A), and the greenstone coarser 
grained (No. 865A). Asmall amount of this same porphyry 
was seen at the northwest corner of this lake. On theeast line 
of sec. 24, north of this lake, greenstone occurs to and beyona 
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the northeast corner of this section, but less than an eighth of 
a mile north of this corner granite is seen. It is of medium 
grain, is composed of feldspar, quartz and chlorite, and is not 
usually gneissic. “ 

The lake in S¥% NW1% sec. 19 has its shores of greenstone, us- 
ually of coarser grain than shown by No. 865. Just north of 
the west end of this lake a small amount of the porphyry simi- 
lar to No. 866 was seen. 

Greenstone occurs on the lake in S'4sec. 19 and along a port- 
age leading north from this lake to a pond on the north line of 
this section. At the southeast end of this pond granite occurs. 
It is rather finegrained andcomposed of feldspar, quartz, chlor- 
ite and biotite. In places it is gneissic, but not decidedly so; 
this structure runs east-southeast, and when this structure is 
present the dark mineral is usually biotite. A few lenticular 
pieces of greenstone were seen in the granite, their long axes 
running with the gneissic structure. 

Paulson lake* lies largely in Sl S% sec. 25, T. 65-5 W. 
Along the north shore the rock is greenstone, except for the 
most westerly outcrop (SE%4 SW sec. 25) which is of the fer- 
ruginous quartzyte; just to the north of tunis outcrop is green- 
stone. Several sections were made from this lake to the lake 
just to the north (i.e. in N¥% S\% sec. 25); the only rock seen 
was greenstone, which also occurs about the shores of this last . 
lake. 

Along the south shore of Paulson lake gabbro occurs and 
this same rock appears at the end of the point between the two 
western bays of the lake. At the southeast end of the lake is 
the ferruginous quartzyte,+ just to the south of which is gab- 
bro. 

On the portage going northeast to Bingoshick lake is green- 


*In 1887 names were given to some small lakes in the western part of T. 65-4 W., 
whose locations were not accurately known. It has been necessary to make correc- 
tions in these names and locations, but the names first used (1887, 16th Ann. Rept.) 
are retained for the lakes to which they were applied, and the locations are corrected. 
The corrected names and locations are as pone Bit 

Akeley (or Chub) lake; center of sec. 29, T. 65-4W. 

: ed lake; an irregular lake lying in ee northern and central parts of sec. 32, T. 
55-4 W. 

Gaiter lake; northwestern part of sec. 32, T. 65-4W. 

Flying Cloud lake; a small lake lying mostly in NE% NW sec. 31, T. 65-4W; some- 
times called Gaiter lake. 

Bingoshick lake; this lake lies mostly in N14 S%4 sec. 30, T. 65-4W., and extends 
westward into sec. 25, T, 65-5 W.; sometimes called Paulson lake. 

Paulson lake; S\% SW sec. 25, T. 65-5 W.; in the 17th Ann. Rept. and in the 21st Ann. 
Rept., (p. 159) called Flying Cloud lake. 

For brief descriptions of the rocks of this lake see also 17th Ann. Rept., p. 185, and 
21st Ann, Rept., p. 159. 


417th Ann, Rept., p. 185. 
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stone (No. 867) which varies considerable in grain and some- 
times carries biotite. 

Sec. 30, T. 65-4 W. The two lakes in this section—Bingosh- 
ick lake (N% S'%) and the lake in S¥% N¥%—have there shores of 
greenstone which varies considerably. No. 868, from the north 
shore of the former lake, in NW%4 SW sec. 30, is a medium 
grained rock representing the prevalent phase of the green- 
stone. No. 869 from the south shore of the latter lake, at the 
portage, is coarse-grained andcontains more feldspathic mater- 
jalthan iscommon. No. 870 is from the south shore, near the 
east end, of the same lake; it is coarse-grained and splits into 
sheets that dip about 35° towards the south. 

Along the stream which enters the east end of Bineochce 
lake the ferruginous quartzyte occurs, dipping a little east of 
south at an angle of about 45°. On the south side of this 
streamand about 100 feet west of the west end of the portage 
(in NE% SE sec. 30) is a bluff of thesquartzyte rising some 
fitty feet above the stream. In this rock is a sill of gabbro-like 
rock about thirty feet in thickness, dipping with the quartzyte. 
The rock of the sill is decidedly finer grained at the lower con- 
tact and also towards the upper contact. The lower contact 
was seen in several places.. The quartzyte does not seem to be 
changed at the contact. No. 871 represents the usual rock of 
the sill.* No. 871A is the same, finer grained, eighteen inches 
from the lower contact and No. 871B is still finer grained and 
was taken within two inchesof thiscontact. If this sill is part 
of the great gabbro mass, and it appears very similar to the 
gabbro, then the evidence points to the fact that the ferrugin- 
ous quartzyte is not, as has beenclaimed by some, a part of the 
gabbro. 

On the east shore of Flying Cloud lake, at the south line of 
sec. 30, is an exposure of a gray biotitic rock (No. 872). It 
weathers brownish and splits into distinct layers which dip 30° 
towards the southeast. In this rock are a number of oval 
pieces, a foot or so long, of fine grained laminated rock which 
resembles the fine grained granulitic gabbros of the vicinity. 
In the hill above this outcrop is gabbro, but the relations of the 
two rocks were not seen. 

Between Flying Cloud and Bingoshik lake a belt of the fer- 
ruginous quartzyte is crossed and in this is a sill of gabbro-like 
rock (similar to No. 871), about twenty-five feet in thickness. 


*No. 871G is a coarse granulitic biotite gabbro with diallage, hypersthene and oliv- 
ine, the last two embracing the other minerals. No. 871bG is a granulitic gabbro. 
{N. H. W.] 
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This may be the same sill as that described above (Nos. 871 to 
871B). Compare Nos. 1343 and 1344. 

Akeley (Chub) Jake is in sec. 29, T. 65-4 W. 

Just west of Akeley lake the gabbro, as it approaches the fer- 
ruginous quartzyte, becomes noticeably finer grained, as is 
shown by No. 873, which was taken within 100 feet of the 
quartzyte in W% NW%SW% sec. 29. No. 884, from within 
eight inches of the contact between the main gabbro mass and 
the quartzyte (just east of Akeley lake in SE%4 NE sec. 29) 
also shows the fine-grained character assumed by the gabbro 
in places at its northern edge. But this markedly finer grain 
is not always seen, although the rock at and within a few feet 
of the contact is commonly not so coarse as at the distance of 
a few rods. 

Rather fine-grained gabbro occurs on the three islands in the 
northern part of Akeley lake, also coarser gabbro on the island 
in the southern bay of this lake. 

On the north slope of the ridge adjacent to the north shore of 
the lake a sill of gabbro-like rock is seen in the ferruginous. 
quartzyte, which here dips southward as usual. The sill is 
twelve feet in thickness. Both the top and the bottom con- 
tacts were seen, and at each the rock is noticeably finer grained 
than in the center of the sill. The rock of the sill is porphyritic 
with plagioclases, but the porphyritic character is confined 
largely to the upper one-third of the sill. The phenocrysts ap- 
pear nearly black, are commonly half an inch in length but 
sometimes an inch and a half, and are somewhat tabular, the 
large faces being usually parallel with the sides of the sill. No. 
874 shows this sill rock, or rather the porphyritic phase of it; 
No. 874A is from the top of the sill and No. 874B is from with- 
in an inch of the bottom of the sill. No. 874C is the ferrugi- 
nous quartzyte just below the sill. The former rock does not 


seem to have been changed at the contact.* 
No. 875 is the greenstone from just north of the pit (onnorth 


shore of Akeley lake) which goes through the quartzyte into 
the drift.+ 
Sec. 28, T. 65-4 W. At the headquarters of the Gunflint 
Lake Iron company near the west side of the small lake in sec. 
28, T. 65-4 W.,in sinking a well gabbro was struck and also a 
graphitic rock (No. 876) in contact with the gabbro. The for- 
mer is peculiar in containing scales of biotite and graphite in a 
“*This sill is the same as that described in the 16th Ann. Rept., p. 85. Rock No. 1341. 


tIbid., p. 84. 
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fine-grained feldspathic matrix. At the contact the two rocks 
are somewhat decayed and the graphitic rock is quite soft (No. 
876A) and easily cut with a knife. The origin of this graphitic 
rock at this place is not absolutely certain, but it is very prob- 
ably a part of the black slate member of the Animikie, which is 
often quite carbonaceous, included in and recrystallized by the 
gabbro. 

The sill of gabbro, in the quartzyte, which appears at the 
east side of Akeley lake, runs eastward and a short distance 
east of the west line of sec. 28 exposures show that this sill is 
not more than sixty feet nor less than thirty-five feet in thick- 
ness. At the east end of the little lake in SW, NE of sec. 28, 
and to the eastward this gabbro sill is much thicker than to- 
wards the west; it is here at least 150 feet, and probably more, 
in thickness. In one place it is porphyritic similar to the silk 
north of Akeley lake (No. 874, page 138. This large gabbro 
sill in its coarser grained parts cannot be distinguished in hand 
samples from the main gabbro mass just to the south. The 
sides of this sill are noticeably finer grained than its center. 
No. 883, from the east line of sec. 28, represents the coarser 
parts of the sill. 

A smaller sill, ten feet in thickness, occurs in the quartzyte 
near the east side of SE4% NW sec. 28. It is of gabbro-like 
rock similar to that just mentioned (No. 874), but it is not por- 
phyritic. These two exposures (i. e. here and north of Akeley 
lake) quite probably represent one sill. Another similar expos- 
ure, in the same strike, is seen in SE%, NE% sec. 28, near the 
south shore of the pond, and another at the east line of the sec- 
tion where the sill is only four feet in thickness. 

The north line of the quartzyte in this section usually runs 
along the foot of the greenstone ridge, but in some cases rises 
up a short distance on the south slopeof thisridge. This is the 
case near the center of N¥% sec. 28 where some stripping has 
been done. Here the quartzyte lies on the greenstone and dips 
south at an angle of 50°. A thickness of about four feet of 
good ore was taken out here and then a diamond drill was run 
in at right angles to the dip. The drill is reported to have 
passes through fifteen feet of mixed ore, and then into the un- 
derlying greenstone. No. 880 represents the general character 
of the rock at this stripping. 

At the bottom of a test pit near the east side of SW%4, NEY. 
sec. 28 the quartzyte is represented by No. 882, a rock which 
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contains much biotite and which in thin section shows beauti- 
fully pleochroic hypersthene. 

The general dip of the quartzyte in sec. 28 is about 50° to- 
wards the south, varying somewhat, and in one place—at a 
test pit in NWY% SE™% NE sec. 28,—there is some local crump- 
ling of the beds. The dip becomes less towards theeast end of 
the section. ; 

The south shore of the lake in SW\%4 NE sec. 28 is of course 
olivine gabbro (No. 885), and here in one place the rock is a 
forellenstein (No. 884A). 

Secs. 21, 22 and 27, T..65-4 W. In the south half of sec. 21 
there is a belt of magnetic slates running east and west. (See 
No. 864, p.135). These slates exist in a ridge whichrises nearly ' 
as high as the greenstone ridges which lie both to the north 
and to the south. The ridge of slate becomes Jower towards 
the east, and toward the west no trace of it was seen beyond 
the pond which is near the center of SW%4 sec. 21. In crossing 
this section from south to north, a little west of the center of 
the section, one passes from a greenstone ridge to a valley and 
then onto another ridge composed of magnetic slates; beyond 
this is another valley, then a ridge of greenstone and finally 
granite. On the south side of the ridge of magnetic slate just 
mentioned (see fig. in the chapter on the Akeley Lake plate in vol- 
ume 4 of the final report) the dip is toward the north 60° to 
70°, on the north side near the top the beds are nearly flat, and 
on the north side near the foot of the ridge the dip is 15° to 20° 
towards the south. Here can be seen the actual junction be- 
tween the slates and the underlying greenstone. The contact 
line, while being rather distinct, is not straight, the slates 
fitting down into small depressions in the greenstone surface, 
and the lower bed of the slate sometimes extending in vein-like 
forms for five or six inches into the underlying rock. No frag- 
ments of greenstone were seen in the slate. The lower layer of 
the slate, which is from two to sixinchesin thickness and grad- 
ually passes into the layer above, is of fine grain and dark gray 
when fresh but when weathered it is whitish and resembles 
some of the white bands in the jaspilyte which is so common 
on the Vermilion iron range; it is thus quite distinct from the 
greenstone (No. 878) underlying. No. 877 represents the low- 
est bed of the slates. No. 879 shows the magnetic slate. The 
author’s interpretation of the geological structure at this place 
and to the southward is shown in section CD in figure 1, page 
123. The rocks of the synclinal ridge just described are re- 
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garded as the equivalents of the ferruginous quartzytes in sec. 
28, the former having suffered some but not extreme meta- 
morphism while the latter have been profoundly metamorphosed 
by the gabbro. 

On going north from the south quarter post of sec. 22 the 
greenstone is seen for about 100 yards, then the magnetic 
slates occur striking about 15° south of east ana dipping from 
70° toe90° to the north of this. Here a few bands, less than 
one inch wide, in the slates are rich in small red garnets (No. 
888). A little farther north the slates again occur, somewhat 
crumpled, but dipping toward the north in general. At the 
next exposure the slates dip about 10° towards the south, and 
beyond this (to the north) are several other exposures of the 
slates with the same southerly dip. These continue for about 
one-fourth mile from the above quarter post. Beyond thisisa 
swamp with no exposures and just south of the center of the 
section the granite is seen. This rock continues northward to 
and beyond the north line of the section. The granite where 
first seen is of medium fine grain and is gneissicin many places; 
this passes into the massive granite near the section line. 

About 100 yards south of the northeast corner of sec. 22 a 
diabase dike cuts the granite. The dike (No. 899 strikes about 
northwest and is markedly finer grained (No. 889A) near the 
contact. A little more than one-eighth of a mile south of this 
section corner the magnetic slates of the Animikie occur. Here 
they are quite rich in magnetite forming iron ore, the ore lying 
above some greenish quartzyte No. 890). In this vicinity and 
to the southward are a number of small pits and strippings. 
One of these pits (a few vards east of the east quarter post of 
sec. 22) passes through the ore into what is called greenstone 
by the explorers, but which is one of the greenish quartzyte 
beds of the Animikie similar to No. 890. The general dip of the 
slates in this vicinity is 10° to 15° towards the south. About 
a quarter of a mile south of the above quarter post is a north- 
ward facing cliff of the slates crossed by a sill of porphyritic di- 
abase (No. 891). There is some crumpling of the slates near 
the top of the cliff. No. 892 represents a gray taconyte from 
the slate at this place. 

In the vicinity of the southeast corner of sec. 22 and just to 
the east there are some sharp crumplings in the slates, in one 
place the dip being toward the north 50° to 60°. And on the 
wagon road in SE% SE% sec. 22 are several small folds in the 
slates, the axes of the folds running northeast and southwest. 
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The top of the hill here is made of a diabase sill (No. 886), and 
about ten feet below this main sill is a smaller one six feet in — 
thickness. The main sill is in places porphyritic with plagio- 
clases. The small sillis finer grained both at the top and the 
bottom, and the larger sill is at the bottom, the top not being 
seen. 

On Cross river near the south line of sec. 27 gabbro occurs. 
About 100 yards south of this line the gabbro is cut by a dia- 
base dike (No. 893) which is thirty feet wide and runs about 
north and south. On this line east of the river gabhro is seen 
in a few places and also ina ridge about a quarter of a mile 
north of the southeast corner of this section. Less than an 
eighth of a mile north of the east quarter post of sec. 27, the 
magnetic slates occur and continue northward; the dip is 10° 
to 20° towards the south. 

The ferruginous quartzyte which runs through secs. 29 and 
28, T. 65-4 W. extends into sec. 27 and is seen in several places 
in the NW of this section. It can be traced eastward into the 
NY SW'% NE'™% sec. 27 beyond which is aswamp. Inthis vicin- 
ity the dip of the ferruginous quartzyte is much lower than to 
the west (secs. 28 and 29) and averages from 10° to 20° to- 
wards the south. Many of the bands in the quartzyte here re- 
semble the bands in the Animikie slates (iron-bearing member) 
which occur within half a mile to the east, northeast and 
north. 


: FIELD WoRK OF 1893. 


During July the writer accompanied the state geologist on a 
trip along the north shore of lake Superior from Grand Marais 
eastward to the end of Pigeon point, and also on a trip north- 
ward from Grand Marais through Devil Track, Little Trout, 
North Brule, Winchell, Brule, Ida Bell and Kiskadima lakes to 
the workings of the Gunflint Lake Iron company in T. 65-4 W. 
The notes for these trips were taken by the state geologist. 
During part of August the writer attended the excursion of the 
Geological Society of America through the iron regions on the 
south of lake Superior, During the latter part of August, Sep- 
tember and the first part of October he examined the region 
about Gunflint lake, especially in T. 65-2, 65-3, 65-4, 64-3 and 
64-4 W. And in October a few days were spent at Tower, in 
company with Messrs. N. H. and H. V. Winchell. 

In July and August a party under the charge of Dr. C. P. 
Berkey, working in co-operation with the writer, did a large 
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amount of topographic work in Cook county. This work was 
based on a series of levels run from Grand Marais northward 
to the international boundary, the leveling being done by 
Messrs. L. A. Ogaard and A. N. Winchell.* After the disband- 
ing of this topographical party Mr. L. A. Ogaard assisted the 
writer. 

T. 65-4 W. 

At the Y of the Port Arthur, Duluth and Western R. R.in SE 
4 sec. 26 the usual coarse-grained gabbro occurs, but just to 
the north and northwest of this are several cuts in a finer 
grained gabbro (No. 896) which, however, does not seem to be 
separable from the usual coarse rock. Cutting both these facies 
of gabbro in dike-like forms, from one-half inch to one foot in 
thickness, is a coarse white pegamatyte (No. 897),+ composed 
essentially of white to greenish feldspar, quartz and biotite. 
The feldspar and quartz are intergrown to form graphic gran- 
ite. 

Along the railroad to the northwest of the above locality, 
near center of sec. 27, are several cuts in the gabbro and atone 
of these this rock is seen in contact with some mass, whose ex- 
tent is not known, of slates. The gabbro is in general some 
finer grained near the slates, as is shown by No. 898 taken 
within two inches of the contact. No. 899 is the usual gabbro 
with large plagioclases two feet from the contact. The slates, 
which are lithologicaily like the black slate member of the Ani- 
mikie, have been recrystallized and consist essentially of a fine- 
grained aggregate of quartz, graphite and biotite,—Nos. 900 
and 901. 

On the south side of the railroad track, west of the above lo- 
cality but still in sec. 27, a dike of black diabase cuts the gab- 
bro. This dike is eight to ten inches in width and is quite fine 
grained, the edges being almost or quite glassy. No. 902 
shows one edge and about half the width of the dike. 

At the west end of the railroad track (in NW% sec. 28) are 
several small dikes of similar diabase in the greenstone. These 
dikes are from one-fourth inch to two inchesin thickness. They 
stand about vertical and strike nearly east and west, i. e. have 
the same general direction as the dike mentioned in the last 
paragraph. These small dikes (No. 903) have a marked basal- 
tic jointage at right angles to their walls. 

At a number of places in secs. 28 and 29 the ferruginous 


*See report of C. P. BERKEY, 22nd Ann. Rept., pp. 134-140. 
*Same as No. 1891, to be described in Vol. V of Fin. Rept. 
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quartzyte contains seams of hisingerite. Some of these from 
the shaft on the north side of Akeley lake are shown by No. 
904. In some places also some graphite bearing layers occur 
in this quartzyte, as shown by No. 905 from the main shaft of 
Gunflint Lake Iron Co., SEY%4 NE% sec. 28. 

On the south line of sec. 23, from 300 to 500 stepseast of the 
southwest corner of this section, the upper contact of the trap 
sillis exposed. It is distinctly finer grained at the contact and 
holds fragments of the overlying Animikie slates. 

A short distance south of this the slates are bent into an an- 
ticline where the strata dip 10° towards the south and 10° to- 
wards the north. As exposed this anticline is about 150 feet 
across. 


NOTE. 


Time does not permit of the completion of these descriptions. 
It may be stated, however, that most of the writer’s field work 
in 1893 dealt with the geographical extent of the different for- 
mations in the Akeley lake and Gunflint lake plates, and the 
information obtained is to a large degree presented on these 
plates and their accompanying chapters, (plates 81 and 82 of 
volume IV of the final report). For afew days in October the 
writer was with N. H. and H. V. Winchell in the vicinity of 
Tower. The notes for this trip were taken by the state geolo- 
gist. 

In 1894. a trip was made to the Rainy lake gold district. The 
notes made on this trip are largely used in the chapter on the 
north part of St. Louis county and in the appendix to the chap- 
ter on Itasca county in volume IV of the final report. 

In 1896, 1897 and 1898 brief excursions were made in com- 
pany with the state geologist to several points of interest in 
northeastern Minnesota, and notes on these trips are published 
by Prof. Winchell in this volume of the annual reports or inthe 
chapters of volume IV of the final report. For a few weeks in 
the fall of 1898 the Mesabi iron range was visited. Some of 
the observations made are incorporated in the chapters and 
maps of the Mesabi range (in St. Louis county) in volume IV 
of the final report. 
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LIST OF ROCK SAMPLES COLLECTED IN NORTHEAST- 
ERN MINNESOTA IN 1898, BY U. S. GRANT. 


The present list is a continuation of lists found in: (1) the 
17th Ann. Rept., pp. 201-215; (2) the 20th Ann. Rept., pp. 
96-110; (3) the 21st Ann. Rept., pp. 59-67; (4) the 22nd 
Ann. Rept., pp. 78-86; (5) the 23rd Ann. Rept., pp. 220-223. 
Most of these rock samples have not been carefully studied in 
the laboratory, and so the names are to be regarded as some- 
times only approximately correct. The specimensin this series 
are numbered in green and can thus be distinguished from those 
of any other series of the survey or museum. The specimens 
listed below, except the first two, were collected on the Mesabi 
iron range in the fall of 1898 while the writer was engaged in 
work jointly for the survey and the Duluth, Mesabi and North- 
ern railway. 

1068. Quartz porphyry. 10 steps W. and about 736 steps 
N. of the SE corner of sec. 8, T. 63-9 W. Within four feet of 
a greenstone conglomerate which lies just to the south of an 
east and west belt of quartz porphyry. 

1069. Quartz porphyry. About 20 steps north of No. 1068. 
From near the center of the same belt of quartz porphyry: 

1070. Green quartzyte (Animikie) from the dump of a test 
pit 760 steps N. and 685 steps W. of E%4 post sec. 13, T. 58-17 
W. Near the Elba mine. 

1071. Quartzose conglomerate, presumably from near the 
base of the Animikie. From the dump ofa test pit 425 steps 
N. and 275 steps E. of W. % post sec. 8, T. 58-16 W. North- 
east of McKinley. 

1072. Greenish graywacke from the same place as No.1071. 
This is supposed tu be part of the Keewatin here underlying 
the Animikie, but it may possibly be a part of the quartzyte 
horizon of the Animikie. 

1073. Graywacke or fine-grained, gray quartzyte. From 
the dump of a test pit 200 steps N. and 940 steps E. of W. 4 
post sec. 34, T. 59-18, north of Mountain Iron. 

1074. Similar to 1073, but with streaks of lighter color. 
Same place. 

1075. Fissile gray shale with silvery micaceous flakes. Same 
place. 
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1076. Similar to 1075, but darker colored. Same place. 
1077. Fine-grained, green quartzyte. Same place. 


1078. Rather coarse-grained quartzyte. From the dump of | 


a test pit 35 steps S. and 10 steps W. of the N. E. corner sec. 4, 
T. 58-18 W. Just N. W. of Mountain Iron mine. 

1079. Graywacke or fine-grained, gray quartzyte. From 
the dump of a test pit 5 steps N. and 10 steps W. of S. E. cor- 
ner sec. 35, T. 59-18 W. Near same place as No. 1078. 

1080. Pinkish quartzyte with some soft white material be- 
tween the quartz grains. From the dump ofa test pit 10 steps 
S. and 10 steps E. of the N. W. corner sec. 10, T. 58-17 W. 
Northeast of Virginia. : 

1081. Red ferruginous quartzyte. Same place. 

1082. Fine-grained gray quartzyte or graywacke. From 
the dump of a test pit 500 steps N. and 240 steps E. of S. W. 
corner sec. 3, T. 58-17 W. Northeast of Virginia. 

1083. Similar to the last, but laminated. Same place. 

1084. Pinkish to gray, siliceous schist. Same place. 

1085. Similar to the last but darker in color. Same place. 

1086. Quartzyte cemented by an abundance of hematite. 
From the dump of a test pit 505 steps N. and 390 steps E. of 
S. W. corner sec. 3, T. 58-17 W. 

1087. Green, flinty taconyte. From the dump of a test pit 
just S. of Virginia and a few yards W. of the D. M. and N.R.R. 
Perhaps in SE%4 of SE sec. 8, T. 58-17 W. 

1088. Black, apparently Seeionencodt slate. Same place. 

1089. Interbanded black slate and a micaceous rock which 
contains many small carbunate crystals—probably both cal- 
cium and iron carbonate. Same place. 

1090. More of this carbonate rock. Same place. 

1091. Greenstone matrix of conglomerate. From a cut on 
the D. and I. R. R. R. east of Virginia and about one mile east 
of Mariska station,—the most easterly rock cut in thisilocality. 

1092. Part of the same conglomerate, showing small peb- 
bles. Same place. 

1093. Quartz porphyry, considerably altered. Just S. of the 
R. R. track and about 150 paces W. of the cut mentioned un- 
der No. 1091. 

1094. Dark gray clay slate. From the central cut on the D. 
& I. R. R. R. east of Mariska station. 

1095. Graywacke with fragments of slate. Same place. 

1096. Porphyry from first cut east of Mariska station. 

1097. Graywacke (?). Same place. 
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1098. Contact of quartzyte and taconyte. From a boulder, 
evidently not far from its parent ledge; 1200 steps E. and 240 
steps S. of N. W. corner sec. 2, T. 58-16 W. East of Biwabik. 

1099. Quartzyte. From the dump ofa pit 165 steps N.and 
600 steps E. of S. W. corner sec. 4, T. 58-16 W. West of 
Biwabik. 
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II! 


PRELIMINARY REPORT OF FIELD WORK DURING THE 
| SUMMER OF 1895.* * 


: By ARTHUR H. ELFTMAN. 


During the summer of 1895 the writer spent part of August 
and September in field work inthe northeastern part of Minne- 
sota. The party left Ely and followed the canoe route along 
the International boundary to Roselake; thence southward to 
Grand Marais, and westward up the north shore of lake Supe- 
rior to Two Harbors. The object of the trip was to study 
chiefly the anorthosytes and their associated rocks. Accord- 
ingly the principal outcrops of these rocks were visited. 


THE ANORTHOSYTES. 


At Carlton peak nothing was found which will interfere with 
the writer’s opinion previously expressed concerning these 
rocks, 7. e., ‘‘the anorthosyte occurs only as included masses 
in the diabase.”’+ The upper part of the peak is made up of 
massive anorthosyte. Below this is found the dark, fine grain- 
ed and compact diabase which occurs extensively in the region 
north of Beaver Bay, and which is usually associated with the 
anorthosyte. Between the main ridge of Carlton peak and 
lake Superior are a number of low ridges of volcanic flows, 
dipping toward thelake. The conclusion drawn from observa- 
tions made at Carlton peak is that the base of the peak con- 
sists of the diabase occurring extensively in the region west and 
north of this locality; the anorthosyte forms only a cap upon 
- the diabase, and its present position dates back to the time of 
the formation of the diabase. d 

North of Beaver Bay several extensive outcrops of anortho- 
«yte have been exposed by fire. Numerous contacts with the 
black diabase occur here. Insome places the diabase varies 
from a medium grained rock, at some distance from the anor- 
thosyte, to a very fine grained rock at the contact. A micro- 
scopical examination shows the gradation of the different tex- 


*The field work of Mr. Elftman was only in part for the survey, directly, but prelim- 
inary to the thesis required for the degree of Ph. D., and has not yet been published 
nor reported in full.—[N. H. Ww.) 


4Geol. and Nat Hist. Survey of Minn., 22d Ann. Rept., p. 178, 1894. 
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tures of the rock, from a medium to a very fine holocrystalline 
mass. 

At bothof the above localities specimens of anorthosyte were 
found which show a metasomatic change from the plagioclase 
to a radial and compact zeolite. The characters of the zeolite 
show that it is probably thomsonite. The investigation of this 
mineral is at the present time not sufficiently advanced to ad- 
mit of further discussion. 


THE DRIFT. 


In the valley extending several miles west of Gunflint lake 
were found a number of morainic hills. Dr. U.S. Grant in- 
forms the writer that these extend a short distance to the 
southwest. Considerable drift occurs along the north shore of 
Gunflint lake and eastward along North lake. This drift is 
probably the eastern extension of the Vermilion (12th) moraine 
in Minnesota.* 

For several miles south of Hungry Jack lake the county road 
to Grand Marais passes through a belt of morainic drift. The 
knolls vary in hight from quite low to one hundred feet high. 
This belt is probably a part of the Mesabi moraine, which ap- 
pears again west of Pigeon point. 


*Warren Upham. Geol. and Nat. Hist. Sury. of Minn., 22d Ann. Rept., p. 51, 1894 
a 
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LIST OF ROCK SAMPLES COLLECTED IN NORTHEAST- 
ERN MINNESOTA IN 1895, 1896 AND 1897.* 
BY A. H. ELFTMAN. 


The present list is a continuation of that found in the 22nd 
Ann. Rept., pp. 181-189. Many of these rock samples have 
not been carefully studied in the laboratory, and so the names 
are to be regarded as sometimes only approximately correct. 
The specimens in this series are numbered in white and after 
each number is the letter E; these specimens can thus he dis- 
tinguished from those of any other series of the survey or 
museum. 

The results of the investigations begun in 1893, and contin- 
ued with interruptions until 1898, deal more or less directly 
with the rock samples in this and in the preceding list men- 
tioned above. These results have been published in part as 
follows: 


Preliminary report of field work during 1893 in northeastern Minnesota. 
22nd Ann. Rept., pp. 141-180, pls. 5-6, 1894. 

Notes upon the bedded and banded structures of the gabbro and upon an 
area of troctolyte. 23rd Ann. Rept., pp. 224-230, 1895. 

The geology of the Keweenawan area in northeastern Minnesota. Amer. 
Geol., vol. xxi, pp. 90-109, pl. 11, Feb., 1898; vol. xxi, pp. 175-188, Mch., 
1898; vol. xxii, pp. 131-149, Sept., 1898. 

The rock samples here listed were collected in Lake and Cook 
counties and the vast majority of them represent rocks of Ke- 
weenawan age. As the samples were collected at several iso- 
lated and disconnected localities, the following contents is 
given to facilitate easy reference to samples from any given 
locality. 


Saganaga lake - - - - - - - 1651 
Basswood lake - - - - - - - 151 
Grand Marais and Rove lake road - - - - - 151 
Grand Marais and vicinity - - - - - - - 152 
West of Grand Marais - - - - - - - 153 
Carlton peak - - - - - - . - 153 
Beaver bay and vicinity - - . - - - - 154 
Splitrock river - : - - - - - - 157 
Stewart river - - - - . - - - 158 
Pork bay - - - - - - - - - 158 
Carlton peak and Temperance river - - - - - 168 
Poplar river (Lutsen) - - - - - - - 158 
Cascade river - . - - - - - - 160 


*This list was prepared from Dr. Elftman's notes and specimens by Dr. U. S. Grant. 
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Grand Marais and Devil Track river - - - - - - 160 
Kimball creek and Cowtongue point - - - - - 161 
Gunflint lake and vicinity - - - - - - - 161 
Grand: Portage - - - - - - - - 163 
Snowbank lake and vicinity - - - - - - 163 
Ts. 62-4 W and 63-4 W, - - - - - - - 165 
Brule lake and southward~ - - - - - - - 166 
Baptism river and vicinity - - - - - . 167 
Great palisades and vicinity - - - - - - - 169 
Baptism river and vicinity - - - - - - 170 


Saganaga lake. 


289. Recomposed granite. Portage between Oak and Sag- 
anaga lakes, NE% sec. 24, T. 66-6 W. 

290. White vein quartz in No. 289. This quartz occurs in 
lens-like segregations and in fissure veins up to several feet in 
width. It contains considerable pyrite. An assay showed no 
gold nor silver. 


Basswood lake. 


291. Gneissoid hornblende granite. Island in Merriam bay, 
Canadian shore of Basswood lake. 


Grand Marais and Rove lake road. 


292. Hornblende pinkish gabbro. On the road north of 
North Brule river; perhaps in sec. 29 or sec. 30, T.64-1 E. The 
gabbro in places has a marked banded structure and is highly 
olivinitic. 

293. Hornblende pinkish gabbro. South of No. 292. The 
rock seems to contain a considerable proportion of granitic 
material which weathers red. The fresh rock has the appear- 
ance of the ordinary gabbro. 

294. Augite syenyte. Perhaps in sec. 33, T.63-1E. This 
rock occurs frequently on the road from Brule river south to 
the valley which lies south of Pine mountains and composes 
the entire plateau between these two places. 

295. Diabase. From the south side of the base of Pine 
mountain; probably SW\% sec. 34, T. 63-1 E., or NW% sec. 3, 
T. 62-1 E. This rock is in abrupt contact with No. 294. 

296. Quartz porphyry. Four and a half miles north of 
Grand Marais in a recent cut on the road. The rock is consid- 
erably fractured and many pieces are covered with secondary 
deposits of silica. No. 296 shows the compact fine-grained 
part of the rock. 

297. Quartz porphyry, a porous facies of the above. 

298. Quartz porphyry, a facies of the above with secondary 
silica. 
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299. Quartz porphyry, an altered phase of the above. 
Grand Marais and vicinity. 


300. Diabase. Back of Mayhew’s dock on the outside of 
the ‘‘ harbor rock,” i. e. the rock forming the narrow, east and 
west running reef at the southeast of Grand Marais bay. This 
specimen shows the weathered and unweathered facies of the 
rock. 

301. Diabase. Near the west end of the point on which is 
the light house. 

302. Diabase. From near the center of the harbor rock. 
This is probably as fresh a specimen as can be obtained. One 
side of the specimen shows the wall of a fissure in which are 
radiating mineral clusters. 

303. Diabase, weathered and reddened. East of Grand 
Marais, near center of sec. 21, T. 61-1 E. 

304. Diabase, black. Same place. 

305. Diabase, black. Same place. 

306. Diabase, reddish. Same place. 

307. Diabase, with amygdaloidal cavities filled by a radiat- 
ing white zeolite. Same place. 

308. Decayed diabase, with zeolite and secondary quartz. 
Same place. 

309. Diabase, with small amygdules of a white, radiating 
zeolite. 

310. Diabase, altered. Same place. At the east end of this 
exposure (Nos. 302-310) the black rock (diabase) is in contact . 
with quartz porphyry which it cuts. The black diabase be- 
comes finer grained and is considerably broken up and has in- 
corporated some of the acid material. Nos. 311-314 represent 
these contact rocks. 

311. Fine grained red rock. A short distance east of Nos. 
302-310. 

312. Similar to No. 311, but of adark brown color. Same 
place. 

313. Fine grained gray rock, blotched with red. Same 
place. 

314. Diabase, in part reddened. Same place. 

315. Diabase, yellowish. Nos. 315-320 were collected at or 
near the lake shore in NE\% sec. 21, T. 61-1 E. 

316 to 318. Apotrachyte. 

319. Breccia of fine grained reddish to greenish rock, ce- 
mented largely by laumontite. Nos. 319 and 320 are contact 
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rocks of diabase and red rock, the diabase being similar to 
Nos. 302 to 310. 

320. Fine grained brownish red rock. 

321. Quartz porphyry. Nearthecountyroad west of Grand 
Marais, about in SW%4,4NW\ sec. 20, T. 61-1 E. This rock is 
below the diabase flows represented by No. 303. No. 321 ex- 
tends northward and forms the main ridge of hills. 


West of Grand Marais. 


322. Diabase. Top of Terrace point, at the north side. N 
W4 sec. 33, T. 61-1 W. 

323. Breccia of fine grained reddish rock. From a copper 
exploration about a mile above the mouth of Cascade river; 
near NW corner sec. 1, T. 60-2 W. 

324. Diabase, reddish. SE™%4 sec. 9, T. 60-2 W.: Ontheroad 
from Lutsen to Cascade river rock outcrops are found in the 
creek beds. These outcrops are of diabase flows. No. 324 is 
from a coarse massive part of a flow. These flows, so far as 
observed, vary from a few feet to fifty feet in thickness. 

325. ‘*Mud conglomerate.’’ Westof mouth of Poplar river, 
sec_-oo, I. 60-3 W. 

326. Diabase amygdaloid. Nos. 326 and 327 lie above No. 
325. . 

327. Diabase, reddened. : 

328. Red sandstone. East side of Poplar river, sec. 33, T. 
60-3 W. 

329. Diabase porphyryte. South slope of Sawteeth Mts., 
SE\™ sec. 29, T. 60-3 W. 


Carlton peak. 


This prominent peak lies in sec. 20, T. 59-4 W. 

330. Diabase with a soft white mineral (saponite?). Along 
the shore in sec. 21, T. 59-4, diabase and amygdaloids make 
up the greater partofthe shore. A quarterof amile northwest 
of the shore is an outcrop of diabase which contains a soft 
white mineral—No. 330 (SE\%4 sec. 21). In approaching Carl- 
ton peak on the trail leaving Engleson’s shanty, there is no 
rock outciop beyond No. 330 for about a mile, but glacial lake 
beaches and other deposits are abundant. 

331. Coarse black diabase. This forms the first low ridge 
south of the peak proper. 

332. Diabase. Crossing the valley between the ridges and 
ascending the east peak, the black diabase (Nos. 332 and 333) 
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eeatiedes to within several hundred feet of the top, oa appar- 
ently is beneath the anorthosyte. 

333. Diabase. From the outcrop nearest to the anortho- 
syte. . 

334. Anorthosyte, yellowish. The east knob of Carlton 
peak is composed of anorthosyte of varied lithological charac- 
ter, as represented by Nos. 334 to 337. 

335. Anorthosyte, coarse and reddish. 


336. Anorthosyte, coarse and reddish, containing masses of 


a radiating zeolite. 

337. Anorthosyte, yellowish. 

338. Anorthosyte or gabbro. The top of the main mass of 
the peak is made up of anorthosyte. West of this is a small 
knob of the same rock, No. 338. In places this rock becomes 
almost black, from the presence of the black minerals. 


339. Anorthosyte. South of the east knob is another one © 


composed of a rock (No. 339) which is largely decayed and 
forms soil in places. 

340 to 342. Diabase. The ridge west of Carlton peak is 
composed of this diabase. 

343. Fine grained reddish brown rock. On the pee flank 
of the last ridge are found layers of the lake shore flows, repre- 
sented by No. 343. These flows continue to the lake. 

344. Amygdaloidal diabase. NE sec. 28, T. 59-4 W. 
These flows vary in thickness from a few inches to twenty feet, 
they consist of layers of compact and amygdaloidal diabase. 

345. Compact diabase highly altered. 

346. Thomsonite. From a “nest” in the amygdaloid. 

347. Vein material. Calcite, quartz and probably heuland- 
ite. 
348. Thin veinlets. A part of the vein from which No. 347 
came. . 

349. Amygdaloidal diabase. Some of the layers of the vol- 
canic flows in this vicinity have their original corrugated or 
rope-like surfaces. The superimposed layers fit into the irreg- 
ularities of the lower layers, as shown by No. 349. 

350. Amygdaloidal diabase. Shows corrugated surface of 
flow. NE sec. 28, T. 59-4 W. 


Beaver Bay and vicinity. 


351. Coarse black diabase. Near line between secs. 13 and 
fat T. 55-8 W. 
2. Porphyryte. No. 351 continues to form theshore towards 
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the east and is cut by a dike (No. 352) about an eighth of a 
mile east of the section line mentioned above. 

353 and 354. Coarse black diabase. On the shore east of 
the last. 

355. Fine grained diabase. East end ofa grand beach, near 
center of south side of sec. 12, T. 55-8 W. 

356. Still finer diabase. This cuts No. 355. 

357. Fine grained gray granite. Cuts No.355 inadike four 
feet wide. 

358. Fine grained gray granite. Cuts No. 355. 

359. Small dike similar to No. 358, cutting No. 355. 

360. Apotrachyte. This occurs atthe mouth of Beaver riv- 
er and forms the narrow neck connecting the promontory with 
the main shore. 

361. Black diabase. East of the gravel beach below Mr. 
Wagner’s house. This rock continues eastward along the 
shore. 

362. Black diabase, quite fresh. A little farther east. 

363. Coarse altered diabase; near last. 

364. Anorthosyte. From the round point south of Shingle 
cove. 

365. Fine grained reddish granite. From the top of the 
bluff, forming the point at Beaver Bay, west side. 

366. Dioryte. This rock is a peculiar phase of the black di- 
abase between Nos. 361 and 362. It appears only in streaks. 

367. Fine grained black diabase. Between the lower saw- 
mill and the wagon bridge. 

368. Diabase. In the river gorge. A fine grained phase of 
the usual coarse black diabase. 

369 and 370. A very fine grained black diabase appears in 


the outcrops mixed with an acid rock which appears to be cut 


by the former. 

371 and 372. Black diabase cut by fine grained diabase. 
Near the wagon bridge. 

373. Gray diabase. Above the bridge, on the east side of 
the river, the coarse diabase is somewhat coarser and lighter 
colored in places. 

374. Fine grained part of the coarse black diabase, showing 
a few porphyritic plagioclases. East of and below the bridge. 

375. Near No. 374 the rock is cut by and mixed up witha 
fine black rock showing flowage lines or lamination on the 
weathered surface. 

376. Coarse gray diabase. This appears in one place asa 
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dike, four feet wide, cutting No. 374. The dike-like character 
disappears and the rock blends with the rock of which No. 374 
is a fine grained part. The whole is apparently an example 
of arock which, after partial cooling, is intruded by the non- 
solidified magma. 

377. Anorthosyte. This is enclosed by the black diabase, 
and in places it contains a zeolite similar to that at Carlton 
peak (No. 336). From the rocky knob at the base of Beaver 
river spit. 

378. Fine grained black rock. On the shore east of the an- 
orthosyte. This black rock occupies a considerable area be- 
tween the acid red rock and the coarse black diabase. 

379. A slightly coarser phase of No. 378. 

380. A laminated phase of No. 378. 

381. Quartz porphyry. Nos. 381 to 385 represent the vari- 
ous phases of the acid eruptives associated with the “black 
rock”? (No. 378). It cuts the black rock but does not seem to 
cut all of it, if a separation can be made, and in that case two 
fine grained black rocks exist here. 

382. Quartz porphyry. 

383 to 385. Fine grained reddish granites. See under No. 
381. , 

386. Coarse diabase. This is cut by the red acid rocks. 

387. Fine grained “black rock,’ apparently a gray fine 
grained diabase. 

388. Coarse gray diabase. 

389. Finer grained portion of the coarse diabase. 

390. Diabase porphyryte. Contact between coarse diabase 
and fine black rock (No. 391). rs 

391 and 392. Fine grained black rock. 

393. The coarse diabase which incloses the anorthosy te 
masses. Found near the shore of the bay. 

394 Fine grained part of No. 393. 

395. Black diabase. On thecountry road near the W%4 post 
sec. 2, T. 55-8 W. This rock becomes amygdaloidal in places. 

396. Light gray anorthosyte. At the bend of the county 
road on the south side of the hill; NEY%NE sec. 27, T. 56-8 
W. 

397. Dark gray anorthosyte. Same place. 

398 to 400, Diabase. Same place. A dike of diabase cuts the 
anorthosyte. The black diabase appears to form the base of 
the hill and the dike is an offshoot from the main diabase mass. 
In general the diabase at the contact is fine grained (No. 398.) 
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No. 397 is coarser, several feet from the contact. No. 400 is 
the normal, coarse, black diabase. (Compare Nos. 188 and 
189.) 

401. Fine grained, reddish diabase. This specimen repre- 
sents the rocks in the river bed. Center of SE% sec. 22, T. 56-8 
W. (Compare No. 193.) 

402. Decayed gray diabase. Same place. 

403. Compact amygdaloidal diabase. Same place. 

404 and 405. Fine grained compact black diabase. 

406 and 407. Finer grained part of the coarse diabase inter- 
mingled with Nos. 404 and 405. Same place. Whileno definite 
relationship can be established here, still the fine grained black 
diabase seems to be an intrusive at this locality, cutting the 
coarse black diabase. 

408. Diabase porphyryte from a boulder near Beaver Bay. 

409. Anorthosyte with zeolite (thomsonite.) Beaver Bay. 
Same place as No. 377 which does not show the zeolite. 

410. Quartz porphyry from a flow, at Beaver Bay, east of 
the anorthosyte mass. 

411. Quartz porphyry from angular masses in No. 413. 

412. Anorthosyte from angular masses in No. 413. 

413. Black fine grained diabase which is below the quartz 
porphyry (No. 410) and cuts it and includes angular masses of 
it and of anorthosyte. 

414. Fine grained diabase having a laminated appearance. 

415. Radiating masses of reddish feldspar developed in the 
fine grained diabase. 

416. Fine grained part of the coarse black diabase. 

417. The same where it incloses anorthosyte masses. The 
successive ages of the rocks here are as follows: (1) Nos. 416 
and 417 inclosing anorthosyte. (2) No. 410, quartz porphyry 
flows which lie upon and cut the preceding. (3) No. 413, 
which cuts all the preceding. It is intruded in the form of-sill 
sometimes 200 feet in width. 


Splitrock river. 


418. Red apotrachyte. First falls of Splitrock river. 

417. Same, showing fissility. 

420. Brown, fine grained diabase, mixed with the preceding. 

421. Amygdaloidal diabase. 200 feet below the first falls 
and overlying Nos. 418 and 419. 

422. Diabase. This represents the flows immediately east 
of the mouth of Splitrock river; NW% sec. 7, T. 54-8 W. 
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Stewart river. 


423. Diabase showing reddish and gray alternations. One 
mile east of Stewart river, north of the county road, sec. 21, T. 
53-10 W. 

424. Decayed diabase from the dump of the Stewart river 
copper mine. 

Pork bay. 

425. Decayed reddish diabase from the middle flow that 
forms the extreme point at the west side of Pork bay. Prob- | 
ably in sec. 36, T. 58-6 W. 


Carlton peak and Temperance river. 


426. Anorthosyte showing a red streak. At the contact 
with the Beaver bay diabase; lower southeast corner of the 
east knob. 

427. Anorthosyte from the top of the main peak. 

428. Black diabase cutting the anorthosyte south of the 
main peak. This diabase contains angular pieces of the anor- 
thosyte. 

4.29. Black diabase from the high sawtooth ridge west of 
Temperance river. 

430. Reddish decayed diabase. Near the top of the ridge, 
but below No. 429. 

431. Amygdaloidal diabase with thalite. From the first 
flow above the black diabase on Temperance river. 

4.32. Reddish vein or dike, two to four inches wide, cutting — 
No. 431. 

433. Finer grained felsitic vein or dike in No. 431. 

434. Altered diabase from thesecond flow from the bottom, 
Temperance river. 

435. Altered diabase from ihe third flow. 

436. Altered diabase at the Temperance river bridge. 

437. Sandstone(?), two to six inches thick, between two 
layers of diabase and filling fissures in the lower layer. 


Poplar river (Lutsen). 


438. Amygdaloidal diabase from flows half a mile west of 
the mouth of the Poplar river. Sec. 33, T. 60-3 W. 

439. Amygdaloidal diabase from near the top of the mass- 
ive part of a flow. 

440, Amygdaloidal diabase, showing the usual decayed 
condition common to the basic flows. 

441, So-called vein in No. 438. This ‘‘vein’’ is due to alter- 
ation of the rock along a fracture line. 


STATE GEOLOGIST. 159 


442. The same showing slickensided surface. 

443. Red sandstone. Between several of the flows are thin 
seams of red sandstone and conglomerate. These flows con- 
tinue eastward to the middle of the clearing at Lutsen where 
they lie upon a sandstone. This sandstone was found in Mr. 
C. A. Nelson’s cellar and appears again along the east side of 
the river. 

444. Red sandstone. Point on the east side of the mouth 
of the Poplar river. The sandstone lies between diabase flows; 
it dips about 10° towards the southeast and is exposed for 
about 350 feet along the river. 

445, Altereddiabase. In going up Poplar river the first four 
flows below the sandstone are quite similar in lithological char- 
acter and average about twenty-five feetin thickness. No.445 
is from the fourth layer, counting from the sandstone down- 
ward. The river is crossed by two small faults, one having a 
displacement of about ten feet and the other only two or three 
feet. 

446. Fine grained brown diabase from the fifth layer. 

447, Coarser altered diabase from the sixth layer. 

448. Luster-mottled diabase from the seventh layer. 

449. Same showing a few zeolite amygdaloids. 

450. Reddish fine grained rock from the bottom of the 
eighth laver. 

451. Same from the middle of the eighth layer. 

452. Same from the ninth layer. 

453. Laminated rock of the ninth layer, lying above No. 
452. 

454. Coarse decayed diabase forming the upper falls of Pop- 
lar river. Probably in NE\% sec. 20, T. 60-3 W. 

455. Coarse black diabase from the hill, west of the “ hay- 
marsh,’ known as the ‘“‘rock pile.”” Probably in NE\% sec. 20, 
T. 60-3 W. 

456. Diabase porphyryte from the south slope of the first 
Sawtooth hill north of Lutsen. 

457. Fine grained diabase from the same hill. This is a 
phase of the usual coarse diabase. 

458. Fine grained brownish rock, near the middle of the 
south slope of this hill; evidently part of the later flows. 

459. Vein material, largely quartz, from between the layers 
of No. 458. 

460. Vein of heulandite and calcite from the cliffs west of 
the mouth of Poplar river. 
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460. Vein of heulandite and calcite from the cliffs west of the 
mouth of Poplar river. 


Cascade river. 

These specimens (Nos. 461 to 472), except No. 472, are from 
the W1% of sec. 1, T. 60-2 W. 

461. Fine grained reddish and greenish diabase, represent- 
ing the flows trom the lake shore to the first falls of Cascade 
river. 

462 to 464. Diabase, more or less altered, representing the 
rock adove the first falls. 

465. Rather coarse, pinkish granite involved in the black 
diabase, apparently as a rounded boulder-like mass ten to fif- 
teen feet in diameter. 

466. Fine grained dark diabase. About an eighth of a mile 
above No. 463. , 

467. A porphyritic phase of No. 466. 

468. Radiated zeolite masses from the amy edaloidal part 
of the diabase. 

469. Red sandstone from a bed about 300 feet thick. 

470. Gray nodule from the uppermost part of this sand- 
stone. 

471. Vein material; calcite and copper stains. About a 
quarter of a mile above the sandstone and above a bridge. 

472. Altered diabase penetrated by quartz. Bay in SE% 
sec. 32, T. 61-1 W. 


Grand Marais and Devil Track river. 


473. Greenish diabase from the first dike east of Grand 
Marais. NE sec. 21, T. 61-1 E. 

474. Large plagioclases from the preceding. Some of these 
feldspars show alteration to a zeolite. 

475. Quartz porphyry, east of No. 473. 

476. Fine grained decayed diabase from a dike, three inches 
wide, cutting No. 475. This appears to be a stringer from the 
large dike, No. 473. 

477. Greenish diabase. Fine grained phaseof this dike near 
its contact with the quartz porphyry. Thre second large dike 
east of Grand Marais. 

478. Minerals, apparently formed from the alteration of the 
feldspar of the preceding. 

479 to 481. Forms of the acid eruptives east of this second 
dike (No. 477). Some of these eruptives may be fragmental 
volcanics. 
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482. Fine grained greenish diabase from the third largedike 
east of Grand Marais. 

483. Plagioclase nodules included in this diabase. 

484. Diabase. Going eastward to the mouth of Devil Track 
tiver (SW14ANW% sec. 13, T. 61-1 E.) several more diabase 
dikes are seen cutting the quartz porphyry. In one of these 
dikes Mr. Hovey hassunk a test pipe; the rock from the pit is 
shown by No. 484. 

485. Quartz porphyry, south of the mouth of Devil Track 
river. 


Kimball's creek and Cowtongue point. 


486. Brown andesyte or apotrachyte. Bed of Kimball’s 
ereck.cenire of sec. 33, 1. 62-2 E. 

487 and 488. Phases of the same, 100 paces down thecreek. 

489. An amygdaloidal phase of the same from a higher lay- 
er, farther down the creek. 

490. Mottied reddish andesyte orapotrachyte from another 
layer, farther down the creek. 

491. Somewhat similar rock from a layer seventy-five feet 
thick; farther down the creek, NW corner of sec. 3, T. 61-2 E. 

492. Fine grained greenish diabase cutting No. 491. 

493. Quartz geode from the layer represented by No. 491. 

494. Andesyte or apotrachyte forms the river banks for the 
next half mile. 

495. A phase of the same, from the highest layer near the 
lake shore; probably in NE4%4 NW sec. 10, T. 61-3 E. 

496. Fine grained brown diabase. Cowtongue point. 
SW sec. 10, T. 61-2 E. 

497. Conglomerate between layers of No. 496. 

498. Probably a mixture of sedimentary and fragmental 
igneous material; same place. 


Guntlint lake and vicinity. 


499. Quartzyte with hisingerite. Shaft of Gunflint Lake 
Iron Co., SE% NEM sec. 28, T. 65-4 W. 

500. Quartz vein rock. North of the ‘old nickel” pit. NE% 
sec. 28, T. 65-4 W. An assay for gold showed about $1.00 per 
ton. 

not Gabbro, On, Pt. A.D: and W. RYR Ws) sec. 27, -T° 
65-4 W. 

502. Decayed gabbro from fracture in the fresh gabbro. 
Same place. 


7 
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503. Decayed gabbro at contact with graphite vein. Near 
same place. 

504. Fresh gabbro from the east end of the first bridge east 
of the lake at the Gunflint Lake Iron Co.’s location. Near W. 
line of sec. 27, T. 65-4 W. 

505. Graphitic rock. 

506. Decayed gabbro. First cut east of the ahove lake. 

507. Slate inclusion in gabbro. 

508. Quartzyte inclusion in gabbro. 

509 and 510. Fine grained siliceous rock at contact of slate 
and gabbro. 

511 to 519. Various phases of graphitic rock. 

520. Gray graphitic slate from the center of a mass, four 
feet long and one foot wide, inclosed in the gabbro. 

521. Same at the contact with the gabbro. 

522. Contact zone of the above showing graphite. 

523 to 526. Various phases of the graphitic rock. 

527 to 531. Magnetite sometimes showing copper carbon- 
ate stains. In 1897 the Johnson Nickel Co. did considerable 
test fitting in SE% sec. 34, T. 65-3 W. Nos. 527 to 541 are 
from this locality. The magnetite appears to be a phase of the 
gabbro. 

532 to 540. Various phases of thegabbro sometimes altered, 
containing more or less magnetite and sometimes showing 
carbonate stains. 

541. Gabbro with native copper. 


542 to 552. Various phases of gabbro, usually rich in mag- | 


netite, containing apparently pyrite, pyrrhotite andjchalcopyr- 
ite, and sometimes showing a banded structure. Portage from 
Tucker to Mayhew lake; NE% sec. 2, J. 64-3 W. 

553. ‘‘Soft iron ore.’’ Near south side of SE% sec. 22, T. 
65-4 W. 

554 and 555. Animikie quartzyte metamorphosed by the 
gabbro. SW. corner of Loon lake; sec. 32, T. 65-3 W. 

556. Diabase containing aggregates of plagioclase crystals. 
From the sill north of the west end of Animikie bay of Gun- 
flint lake. Sec. 24, T. 65-4 W. 


Diabase with scattered porphvritic plagioclases. Same 


558. Diabase with large crystals, apparently of augite. 
Same place. 
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Grand Portage. 


559 to 561. Phases of the conglomerate and sandstone at 
the northeast side of Grand Portage island, sec. 10, T. 63-6 E. 

562. Contact of sandstone and basic eruptive, from the bot- 
tom of the first flow above the main mass of the conglomerate. 
Same place. 

563. Gray quartzyte. High bluff a mile southwest of Grand 
Portage village and northof the county road; probably in sec. 
8, T. 63-6 E. 

564. <A red vein in this quartzyte. 

565. Same quartzyte showing an undulating cleavage. 

566 and 567. Wrinkled surface of this quartzyte at the con- 
tact with overlying diabase. 

568 and 569. Diabase at the contact with the quartzyte; 
includes pieces of the quartzyte.- This diabase overlies the 
quartzyte and is twenty feet thick; it is fine grained and com- 
pact in its lower and middle portions and amygdaloidal in its 
upper portion. : 

570. Red quartzyte from a layer, varying from a few inches 
to two feet in thickness, above this diabase. Above this are 
successive lavers of diabase with more or less detrital matter 
between them. 

571. Fine grained fresh diabase from a dike cutting the 
above diabase flows and quartzyte. 


Snowbank Jake and vicinity. 


572. Dark slate. Near center of sec. 35, T. 65-8 W. 

573. A coarser band in this slate. 

574. Greenstone dike cutting slate. NW sec. 2, T.63-8 W.. 

575. Greenish sericitic schist. North shore of Ensign lake, 
SEY% SE\™% sec. 9, T. 64-8 W. 

576. More massive phase of this schist, NW1%4 NW sec. 14. 
T. 64-8 W. About half way across the portage froin Ensign 
lake to the small lake in secs. 14 and 15, T. 64-8 W. 

577. Greenish feldspar porphyry. East shore of Boot lake, 
NEY% NE% sec. 21, T. 64-8 W. 

578. Quartz porphyry and jaspilyte pebbles from conglom- 
erate at the top of the cape in Boot lake; near center of sec. eles 
T. 64-8 W. There are two conglomerates here, one of which is 
cut by the granite. 

579. Matrix of this conglomerate. 

580. The lower conglomerate. 

581. Gray quartzyte. 
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582. Conglomerate. 

5838. Boulder of the upper conglomerate. 

584. Fine grained diabase from a dikecutting all the forma 
tions here. ; 

585. Lower conglomerate metamorphosed by he granite 
contact. 

586 and 587. Phases of the granite from the point in SW%4 
SEY NW sec. 29, T. 64-8 W., east shore of Snowbank lake. 
No. 586 is gray and No. 587 reddish; they grade into each 
other. 

588. Darker granite on the point east of No. 586. 

589. Porphyritic phase of No. 588. ‘ 

- 590. Fine grained granite, which cuts the crystalline schist 
on the point in NE4 SW% sec. 20, T. 64-8 W., north shore of 
Snowbank lake. 

591 to 597. Phases of the augite granite. West side of nar- 
row bay in W% sec. 20, T. 64-8 W., north shore of Snowbank 
lake. 

598. Contact of the ews granite and schist, southern edge 
of granite. 

599. Same, northern edge of granite. 

600. Crystalline gneissic schist from the point (i.e. at W. 
side of sec. 20, T. 64-8 W.) on which is the augite granite. 

601. Gray angite granite. NE% SE% sec. 19, T. 64-8 W,; 
western side of point, noth shore of Snowbank lake. 

602. Granite porphyry. Near same place but in sec. 20. 

603. Fine grained reddish granite. SE%SE%4 NEM sec. 19, 
T. 64-8 W. 

604 to 606. Phases of the metamorphosed conglomerate, 
NEY, NW sec. 19, T. 64-8 W., north of Snowbank lake. 

607 to 609. Pebbles from che upperconglomerate. Portage 
between Snowbank and Black lakes, NW% NE%4sec’ 19, T. 64- 
8 W. On this portage are two conglomerates separated by an 
unconformity. 

610 and 611. Phases of conglomerate. SE% NW sec. 4, T. 
63-8 W., south shore of Disappointment lake. 

612 to 613. Pebbles from this conglomerate. 

614. Dark fine grained rock from a dike, four feet wide, cut- 
ting the conglomerate in SW\% SE sec. 33, T. 64-8 W., Disap- 
pointment lake. 

615. Massive greenstone. Near the top, on the west side, 
of Disappointment hill, NW%4 NE sec. 34, T. 64-8 W. 

616. Greenstone. Above the preceding. 
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617. Dark siliceous schist, forming the top of this hill. 

618. Greenstone. On the east side below the top of the 
hill; NW%NW% sec. 35, T. 64-8 W. 

619. Pebbles from conglomerate. SW14 SW'% sec. 28, T. 
64-8 W. 

620. Fine grained syenitic rock froma dike in conglomer- 
ate. NW%4 NE% NE sec. 34, T. 64-9 W. 

621. Coarse massive greenstone. Nearcenter of NE% sec. 
32, T. 64-9 W., southeast of Moose lake. 

622. Quartz vein material from this greenstone. 

623. Porphyritic conglomerate (?), N¥% of NW%4 NE\ sec. 
32, T.64-9 W., north of No. 621. 

624. Another phase of the porpnyritic conglomerate. Same 
place. 

625. Fine grained schistose syenitic rock froma dikecutting 
Nos. 623 and 624. 

626. Conglomerate. Ridye on north side of the small lake 
in the center of NEY%4 NE sec. 32, T. 64-9 W. 

627. Pebbies from this conglomerate. 

628. Porphyritic conglomerate. North of No. 626. 

629. Coarse greenstone from top of ridge near center of 
NW sec. 33, T. 64-9 W. 

630 and 631. Conglomerate. South of the small lakes in 
SW NW% sec. 33, T. 64-9 W. : 

632. Fine grained granitic rock from a dike cutting this 
conglomerate and the adjacent greenstone. 

633. Granitic pebble from conglomerate. Portage from 
Moose to Wood lake; near center of west side of sec. 21, T. 64 
9 W. 

634. Jaspilyte. Same place. 

635. Green schist. SW144NW% sec. 19, T. 64-9 W, Woad 
lake. 

636. Green schist from the base of the long point in the west 
end of Wood lake. Probably in SE% sec. 13, T. 64-10 W. 

637. Greenstone, cut by granite. SEY% NW sec. 18, T. 64- 
9W. 

Ts. 62-4 W. and 63-4 W. 

638. Fine grained diabasic rock from west shore of Pine 
lake, NE% SE% sec. 25, T. 62-4 W. 

639. Breccia of quartz porphyry cemented by diabase. West 
shore of Pine lake, NW\% NE sec. 25, T. 62-4 W. 

640. Reddish gabbro. Temperance river at S. line of ser 
35, T: 63-4 W. 
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641. Gabbro. Temperance river, NE4 SW(sec. 35, T. 63- 
4. W. Tae 

642. Magnetite. SW corner sec. 22, T. 63-4 W. 

643. Gabbro richin magnetite and olivine. About in S. 
part of sec. 20, T. 63-4 W. 

644. Gabbro.° Pit No.1. In the vicinity of the W%4 post 
of sec. 22, T. 63-4 W., test pits have been sunk. Pit No. 1 isin 
NW SW sec. 22, while pits Nos. 2 to 4 are in NE% SE sec. 
21. 

644 to 648. Gabbro and magnetite. Pit No. 2. 

649. Fine grained granulitic gabbro. Pit No. 1. 

630.2. Same, sPrl.No;-2: ‘ 

651 to 656. Phases of gabbro and magnetite. Pit No. 2. 

657. Granulitic gabbro. Pit No. 3. 

658 to 662. Phases of the magnetite. Pit No. 3. 

663 to 667. Gabbro with chalcopyrite and rich in magne- 
tite. Pit. No. 4. 

668. Fine grained granulitic gabbro, north of these pits. 
SEY NEM sec. 21, T. 63-4 W. 

669. Gabbro cut by dike of fine grained gray granite. SW 
NE’ sec. 21, T. 63-4 W. 

670. Gabbro and red granite dike. North of No. 669. 

671. Fine grained gray granite from dike cutting gabbro. 
NE% SW sec. 26, T. 63-4 W. This granite is cut by augite 
syenyte and all are cut by diabase dikes. 

672. Granite cut by augite and syenyte. Same place. 

673. Gabbro. NE%4 SE sec. 13, T. 63-4 W., Georgia lake. 


Brule lake and southward. 


674. Fine grained diabase. North side of the portage be- 
tween Georgia and Brule lakes. NE144 SW% sec. 18, T. 63-3 W. 

675. Amygdaloidal phase of the preceding. 

676. Porphyritic phase of the same. 

677. Augite syenyte. High bluff northeast of Brule lake. 
Probably in sec. 9, T. 63-2 W. 

678 and 679. Very fine grained black diabase. NE sec. 
18, T. 63-3 W. 

680. Coarser diabase intermingled with Nos. 678 and 679. 

681. Gabbro. About in SE%4 sec. 17, T. 63-2 W. 

682. Fine grained gabbro. SE% sec. 24, T. 63-3 W. 

683. Coarse gabbro which cuts No. 682. 

684. Contact of Nos. 682 and 6838. 

685. Gabbro. Southwest corner sec. 24, T. 683-3 W. First 
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outcrop on portage southeast from Brule lake. 

686. Gabbro. Center of NW% sec. 25, T. 63-3 W. 

687. Fine grained granitic rock from a dike cutting gabbro. 
NEY SW sec. 25, T. 63-3 W. 

: 688. Apparently a mixture of the above granite and gab- 
ro. 

689. Coarse gabbro from the west point in the lake. SEM%4 
SW\% sec. 25, T. 63-3 W. 

‘690. Gabbro. NE%NW% sec. 36, T. 63-3 W. At the por- 
tage going southeast. 

691. Augite syenyte from a dike, twenty feet wide, cutting 
gabbro. NE%4 sec. 36, T. 63-3 W. 

692. Fine grained reddish granitic rock, from an exposure 
along the lake shore, NE4 sec. 6,.T. 62—2 W. 

693. Quartz porphyry. NE% sec.1, T.62-3W. On lake 
shore. 

694. Fine grained diabase. SE%4sec. 12, T. 62-3 W. 

695. Luster-mottled diabase. Sl sec. 16, T. 62-2 W. 

696. ‘‘Beaver Bay”’ diabase. NW'% sec. 8, T. 60—3 W. 

Baptism river and vicinity. 

697. Fine grained brown diabase from a massive flow. 
South side of Bellmore bay, NE% sec. 11, T. 56—7 W. 

698 and 699. Vesicular masses of lava, perhaps volcanic 
bombs, from between two flows, in the first bay south of Bell- 
more bay. 

700. Brown diabase from a massive flow beneath Nos. 698 
and 699. 

701. Vein material (quartz, calcite, etc.) from No. 700. 

702. Small geodes from No. 700. 

703. Quartz porphyry, below diabase flows in SE™% sec. 11, 
T. 58-7 W. | 

704. Laminated phase of No. 703. 

705. Fine grained diabase from bottom of flow above No. 
708. 

706. Coarser diabase from the center of the same flow. 

707. Quartz porphyry from Shovel point. 

708. The same weathered. 

709. Coarse black diabase from the sharp low point east of 
Baptism river. 

710. Red sandstone, Bellmore bay. 

711. Fine grained diabase. Northeast corner of sec. 11, T. 
56-7 W. 

712. Coarse phase of the same. 
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713. Fine grained reddish brown rock at the contact of 
black diabase and granite, northwest corner of sec. 12, T. 56- 
7W. : 
714. Breccia of similar rock cemented by calcite. Near No. 
413. 

715. Gray granite from dike. NW corner of sec. 12, T. 56- 
wow: 

716. Finer grained and dark phase of the same near con- 
tact with the diabase. 

717. Reddish phase of No. 715. 

718. Laminated reddish felsyte. SW corner sec! 1, T. 56-7 
W. Above black diabase and below Temperance river flows. 

719. Fine grained red diabase. Temperance river flow. 
Same place. 

720. Aslight variation of Noifi9) 

721. Coarser diabase from one of the flows above No. 720. 
Same place. 

722. Coarse diabase from the lake shore in thecenter of sec. 
1, T. 56-7 W. 

723. Beaver Bay diabase. NE%NW% sec. 1, T. 56-7 W. 

724. A finer grained phase of No. 723. 

725. Amygdaloidal diabase from a layerin Beaver Bay dia- | 
base, one-third of a mile north of No. 723. 

726. A laminated brownish and yellowish rock associated 
with No. 725. | 

727. Felsyte, next to diabase, from granite dike cutting 
diabase. NE corner of sec. 1, T. 56-7 W. 

728 and 729. Reddish granite from this dike. 

730. Reddish granite from center of dike. 

731. Fine grained granite at east contact of this dike. 

732. Quartz porphyry from an apophysis of the large dike 
inisee, 36, Ti b1-TiW 

733. Brown diabase, east of granite dike in southwest part 
of sec. 36, T. 57-7 W. 

734. An amygdaloidal(?) phase of No. 733. 

35. Brown diabase. Beaver Bay diabase. SW%4 NE sec. 

2, T. 56-7 W. 

36. Quartz porphyry, above No. 735. Same place. 

37. Red granite, a phase of No. 736. 

38. Laminated quartz porphyry, a phase of No. 736. 

39. Brown diabase, Beaver Bay diabase, NW%4 NE\ sec. 
2, T. 56-7 W. 
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740. Brown diabase, Beaver Bay diabase, from a flow in 
SEY NW% sec. 2, T. 56-7 W. 

741. Fine grained dark brown diabase. First falls of Bap- 
tism river. 

742. Amygdaloidal diabase with elongated amygdules of 
banded chalcedony and quartz. 

743. Quartz porphyry at third or upper falls of Baptism 
river. 

744. Fine grained brown diabase. Lake shore, west of the 
club house; sec. 15, T. 56-7 W. 

745. Finely amygdaloidal diabase, ashbed diabase. West 
of and below No. 744. 

746. Volcanic ash, a laminated phase of No. 745. 

747. Scoriaceous balls associated with No. 745. 

748. Another phase of No. 747. 

749. Similar to No. 746. 

750. Coarser diabase, Beaver Bay diabase, below the ash- 
bed layers. 
751. Apotrachyte. Baptism river below the bridge. 
752. Diabase from below quartz porphyry, at the mouth 
of Baptism river. 

753. Fine grained brown diabase trom a flow at the first 
bend in the river; NE% sec. 15, T. 56-7 W. 

754. Calcite from vein in quartz porphyry atthe club house. 

755. Amygdaloidal diabase, upper flow of Beaver Bay dia- 
base. Below the quartz porphyry, above first falls on Baptism 
river. 

756. Decayed diabase, matrix of the ‘‘anorthosyte conglom- 
erate’ at Baptism river bridge. 


Great Palisades and vicinity. 


_-=-—-=— 


757. Coarse black diabase, Beaver Bay diabase, from the 
massive flow below the Great palisades. Sec. 22, T. 56-7 W. 

758. Laminated quartz porphyry at the east base of the 
Great palisades. 

759. Quartz porphyry, from the topof the talus heap onthe 
main face of the Great palisades. 

760. Brownish siliceous vein in quartz porphyry, above the 
highest talus heap. 

761. Decayed diabase, north of and below the east end of 
the Great palisades. 

762. Reddish brown decayed diabase, from the first flow be- 
low the quartz porphyry of the palisades, at the west end. 


Ale, 
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763. Fine grained diabase from flow pelaly. No. 762.255 

764. Coarser diabase, Beaver Bay diabase, below No. 763. 

765. Fine grained syenyte, from shore cliffs one-half to On 
mile west of the palisades. . 

766. Pinkish granite, about three and a half thites west of - 
the palisades. 


Baptism river and vicinity. 


767. Reddish brown fine Beate diabase from the Heme 
above No. 706. 


. oe a! 
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IV. 


ADDITIONS TO THE LIBRARY SINCE THE 
REPORT FOR 1894 


The present list consists of additions made from January 1, 
1895, to July 10, 1899. 
A 


Albany. State Museum: Ann. Rept., xlvii, xxx-Xxxv, xviii, xlix-2, 1-1; Bull. 
iii, Nos. 11-13, 1893 and 1894; iv, Nos. 16-19; v, 20-23; Mineral Re- 
sources of New York, F. J. H., Merrill, 1895. Bull. Univ. of N. Y., vol. 
ii, Nos. 14-15, 1896. 

Altenburg. Mitth. Naturf. Gesell. d. Ofterlandes, vol. vi, 1893. 

Amsterdam. Vers'agen d. K. Akad. v. Wetenschappen, vol. ii, 1894; vol. iv, 
nos. 1-6, 1895., vol. iv, 7-9, 1895-96, v, 1-3, 1896, iv, 1896. 


B 


Baltimore. Amer. Chem. four., xvii, Nos. 1-10, 1895; vol. xviii, Nos. 1-3, 4, 
1896. Johns Hopkins Univ. Circulars, vol. xiv, Nos. 116-122, 1895; 
vol. xv, Nos. 123-124, 125, 126, 1896. 

Baltimore Amer. Chem. Jotrnal, xviii, 5-10, 1896; xix, 1-9, 1897: xx, 
1-10, 1898; xxi, 1-6, 1899. Johns Hopkins Univ. Circulars, vol. xvi, 
129-131, 132-136, 1898; vol. xviii, 137-140, 1899. is 

Basel. Verhandl. Naturf. Gesellsch., x, 3, 1895; xi, 1, 1895; x1, 2, 3, 1896-97; 
xii, 1, 1898. 

Belfast. Rep. and Proc. Belfast Nat. Hist. and Philos. Soc., 1894-95. Rep. 
and Proc. for 1895-96. Ann. Rept. and Proc. Belfast Naturalist’s 
Field Club, ser. ii, vol. iv, No. 1, 1893-94. 

Belgrade. Ann. Geol. d. 1. Peninsule Balkanique, T. iv, pts. 1-2; Ty, petals 
1892-93- 

Bergen. Bergers Mnseums Aarsberetning, 1891; Aarbog, 1892 and 1894; 
Aarbog for 1894-95-96-97-98. Development and structure of the 
whale, by F. Gulberg and F. Nansen, pt. 1, 1894; Crustacea of Nor- 
way, Vol. ii, pts. 1 to 12. 

Berkeley. Bull. Dept. Geology, Univ. of Calif., vol. 1, Nos. 8-13, Nov., 1894; 
vol. i, 14, vol. ii, pts. 1 to 4, Jan., July and Sept., 1895; and March, 


1896. 
Berlin. Zeitsch. Gesellsch. f. Erdkunde, xxix, Nos. 5-6; xxx, Nos. 1-5, 6, 1894- 
95: vol. xxxi, Nos. 1-6; vol. xxxii, 1-6; vol. xxx, 1-5, 6, 1897-98; 


Verhandl. xxi, Nos. 9-10; xxii, Nos. 1-10, 1894-95; vol. xxii, 1-10; vol. 
xxiv, 1-10; vol. xxv, 1-10; vol. xxvi, Nos. 1 to 4, 1899. : 

Mitth. d. K. Akad. d. Wissensch., 1864, ix-x; 1895, i-x; 1896, 1 to 
10; 1897 1 to 10. 

Zeitsch. d. Deutschen geol. Gesellsch., xlvi, Nos. 2-4, 1894; xlvii, Nos: 
1-2, 1895; xlvii, 3-4, xl viii, 1-4, 1896; xlix, 1-4, 1897; 1, 1-3, 1898-99. 


172 TWENTY-FOURTH ANNUAL REPORT 


Bologna. Memoire R. Acad. d. Sci. d’Instituto di Bologna, vol. v, pt.3, 1893; 
vol. v, pts. 4-6, 1894-97; Rendiconto, vol. i, pts. 1-4, 1897. 
Bonn. Verhandl Naturh. Vereins d. Rheinlande, etc., liii, 1-2, 1895; liv, 1-2, 
1897; lv, 1-2, 1898. 
Sitz. d. Niederrueinischen Gesellsch., fur Natur.—u.— Heilkunde, 
Hafte i, 2, 1895; 1896, 1-2; 1897, 1-2; 1898, 1-2. 
Boston. Ann. Rep. of the Public Library, 1894; Ann. Rep., 1895, Technology 
Quarterly, vol. viii, Nos. 2-3, 1895; vols. ili to xi, 1890-98. Proc. - 
Amer. Acad. Sci. and Arts, w. s. xxx, n. S. xxii, 1894-95; w. s. xxxii, 
_n. Ss. x, 1-16; xxxiii, 1-27. Proc. Boston Soc. Nat. History, vol. xxvi, 
no. 4, 1893-94; vol. xxvii, 1896-97; vol. xxviii, 1-16, 1898; vol. xxix, 
1-4, 1899. 
Brunn. Naturf. Vereines Verhandl., vol. xxxii, 1893; vols. xxxiii, xxxiv, XXXV, 
1896-97. Meteorol. Commission, vol. xii, 1892; vol, xiii, 1873; vols. 
xiv, xv, 1896-97. ‘ ; 
Bruxelles. Bull. Soc. Belge d. Geol. Paleon. and Hydrol., T. vii, 1893. Bull. 
1 and 2, 1887-88; No. 5, 1891; ix, 1895; xi, 1, 1897. 
Budapest. Féldtani K6zlény Ungarischen Geol. Gesellsch., vol. xxiv, Nos. 9- 
12, 1894; vol. xxv, Nos. 1-10, 1895; vols. xv, xvi, 1895; vols. xxvi to 

XXvili, 1896-97-98. 
C 


Cambridge. Appalachia, vol. vii, No. 4, 1895; vol. viii, No. 1, 1896; vii1, 2, 
1896; 3, 1897; 4, 1898; xi, 1, 1899; Register, 1896; Register, 1897- 
98; Index to vol. i, 1876-78. 
Mus. Comp. Zool., Ann. Rept. of the Curator, 1870, 1873, 1876, 1881, 
1892-93, 1894-95; Bulletin, vol. vi, Nos. 1-4, 10-12; vol. vii, Nos. 1- 
11; vol. viii, Nos. 1-11; vol. ix, No. 1-8; vol. x, Nos. 1-6; vol. x1, Nos. 
1, 4-10; vol. xii, Nos. 3, 5; vol. xvi (Geol. Ser. ii), No. 15; vol. xxy, 
No. 12, 1895; vol. xxvi, Nos. 1-2.1895; vol. xxvii, Nos. 1-7, 1895; 
vol. xxviii (Geol. Ser. iii), No. 1, 18935. 
Bull., vol. xxix, Nos. 1 to 6, 1896; vol. xxx, Nos. 1 to 6, 1896-97; vol. 
xxviii, Nos. 1-6, 1896-98; vol. xxxi, Nos. 1-7, 1897-98; vol. xxxii} 
Nos. 1-8, 1898; vol. xxxiii, Nos. 13-17, 1898. Memoirs, vol. i, No. 1,- 
1896. 
Ann. Rep. of Curator, 1896, 1897, 1898. 
Cambridge, (Eng.) Ann. Rept. Library Syndicate, 1894. 
Carrieros. Annaes d. Sci. Naturaes, Anno ii, Nos. 1-4, 1895; Anno iii, No. 1, 
1896; vol. iii, 2-4, 1896; iv, 4, 1897. 
Chapel Hill. Jour. Elijah Mitchell Scien. Soc., vol. xi, pts. 1-2, 1894; vol. xii, 
pt. 1,-1895; pt. 2, 1895; xii, 1 ‘and.2, 1896; xiv, 1 and 2, 189755 
i, 1898. 
Chicago. Fiel€ Columbian Mus., Publications; Geol. Ser., vol. i, No.1, 1895; 
vol. i, Nos. 2-6, 1897-99; Rept. Ser., vol.i, No. 1, 1895; vol. i, Nos. 
2 to 4, 1896-98; Zool. Ser., vol. i, Nos. 1 and 2, 1895; vol. 1, Nos.3 
to 15, 1896-99; Bot. Ser., vol. i, No. 4, 1898; Annual Exchange 
Cat., 1896; Jour. of Geology, Univ. of Chicago, vol. iii, Nos. 1-8, 
1895-96; vol. iv, Nos. 1 and 2, 1896: vol. iv, Nos. 3-8, 1896; vol. v, 
Nos. 1-8, 1897; vol. vi, Nos. 1-8, 1898; vol. vii, Nos. 1-3, 1899. 
Chur. Jahr. Naturf. Gesellsch. Graubiindens, vols. xxxvii and xxxviii, 18983- 
94 and 1894-95; vol. xxxix, 1896; xl, 1897; xli, 1898. 
Cincinnati. Jour. Cincinnati Soc. Nat. Hist., vol. xvii, No. 4, 1894; vol. xviii, 
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Nos. 1 and 2, 1895; vol. 18, Nos. 3 and 4, 1896; vol. xix, Nos. 1-4, 
1896-98. 

Columbus. Geol. Surv. Ohio, Rept. on Geology, vol. iii, with maps, 1893. 

D 

Darmstadt. Notizblatt Vereins f. Erdkunde, vol. iv, No. 15, 1893; vol. iv, 
Nos. 15-18, 1893-97. 
Abhandl. d. Grossh. Hessisch. Geol. Landesans., Bd. ii, H. 4, 1895. 
Vol. iti, Nos. 1-3, 1897-98. 

Denver. Proc. Colo. Scien. Soc., vol. iv, 1891-1893; 5 extracts from Proc., 
Dec., 1894, to Jan., 1896; Bull. 10, 1897; extr. from Proc., Feb., 
1896 to 1898; Proc., vol. v, 1898. 

Des Moines. Ann. Rept. Geol. Surv. of Iowa, vols. iii and iv, 1894 and 1895; 
vols. v, v1, vil, vili, 1896-97. 

Dijon. Mem. d. Acad. d. Sci., etc., 4th Ser., T. iv, 1893-94. 

Dresden. Jahr. Vereins f. Erdkunde, vols. xxii-xxiv, 1892-94; vols. xxv and 
xxvi, 1896-98. Nachtrag Litteratur, etc., vols. i and ii, 1893-94. 


E 


Edinburgh. Trans. Edinburgh Geol. Soc., vol. vii, Nos. 1-2, 1894-95. Roll. 
of E. Geol. Soe. to Dec. 31, 1897. Laws of E. Geol. Soc. to Dec. 31, 
SOT. 
EF 


Frankfurt, a. M. Abhandl. Senck. Naturf. Gesellsch., vol. xviii, Nos. 3-4, 1894; 
wales INOS. l-22 1895 xix. 3-40 S96 excx, ol xo. 1-3) ot SO7-98F 
xxii, 1896; xxiii, Nos. 1-4, 1896-97; xxiv, Nos. 1-4, 1897-98. Ber- 
icht for 1895-96-97-98. 

G 

Giessen. Bericht Oberhessischen Gesellsch. f. Natur. u. Heilkunde, vol. xxx, 
1895; vol. xxxi, 1896. : 

Glasgow. Proc. Philos. Soc. Glasgow, vols. xxv-xxvi, 1893-94-95; vol. xxvii, 
XXVili, xxix, 1896-97-98. 

Good Hope. American Antiquarian, vol. xvii, Nos. 1-6, 1895; vol. xviii, Nos. 
1-5, 1896; vol. xix, Nos. 1-6, 1897; vol. xx, Nos. 1-6, 1898; vol. 
Kx1, NOSad. 2) 1899: 

Gottingen. Nachrichten K. Gesellsch. d. Missensch., Nos. 1-4, 1895; Nos. 2 
and 4, 1896; Nos. 1-3, 1897; Nos. 1-4, 1898. 

Granville. Denison Scien. Assoc., Bulletin, vol. viii, Nos. 1-2, 1893-94; vol.ix, 
No. 1, 1895; vol. ix-2, 1898; vol. x, 1897; vol. xi, 1-8, 1898-99. 

F H 

Halifax Proc. Yorkshire Geol. & Poly. Soc., n.s., vol. xii, pt. 5, 1894; vol. 
xiii, pts. 1-2, 1895-97-98. 

Hamburg. Verkandl. d. Naturw. Vereius in Hamburg, 1894, vol. iii, Nos. 2-3, 
1894-1895; vol. iv, 1897; vol. v, 1898; Abhandl. Bd. xiii-xiv, 1895: 
vol. xy., 1898. 

Harrisburg. Reports of Progress: Coal Flora, P. i-ii, 1880; Dictionary of 
Fossils, P4, i, a-m, 1889; Coal Flora Atlas, P, 1879. 


I 
Indianapolis. Aun. Rept. Geol. Surv. of Ind., xiv, 1884; xvii-xix, 1892-1894; 
xviand xx, 1888 and 95; Vols. xxi, xxii, 1897. Maps of Geol. Surv. 
of 1872. 
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Iowa City. Bull. Laboratories of Nat. Hist., State Univ., vol. iii, Nos. 1 to 4, 
1895-96; vol. iv, 1 to 4, 1896-98. 
Ithaca. Cornell Univ., Agr. Exper. Station Bull., No. 109, Jan., 1896. 


K * 


Kiel. University of Kiel, 80 pamphlets, mostly inaugural dissertations; 89 
pamphlets, mostly inaugural dissertations, 1896-97. 

Riew. Memoire Soc. d. Naturalistes, vol. xiii, Nos.1-2, 1894; vol. xiv, Nos. 1-_ 
2, 1895-7; vol. xv, Nos. 1 and 2, 1896-8. 

Kingston. Queen’s University Quarterly, vol. ii, Nos. 3-4, 1895; vol. iii, Nos. 
1-4, 1895-96; vol. iv, Nos. 1-4, 1896-97; vol. v, Nos. 1 to 4, 1897-98; 
vol. vi, Nos. 1 to 4, 1897-98. 

Klagenfurt. Jahrb. d. Naturh. Landes-Museums v. Karnten, Heft xxi-xxii, 
1890-1893; vols. xxiii-xxiv, 1895-97. Diagramme d. magn. meteor. 
Beobachtungen z. Klagenfurt, Witterungsjahr, 1890-91-92-93-94-95- 
96. Festschrift. 1848-98. 

Konigsberg. Schriften Phys.-Gkonomischen Gesellsch., xxxv, 1894; xxxvi- 
xxxvii, 1895-96. 

|B 

Lansing. Geol. Surv. of Mich. Report, vol. v, 1881-1893; vol. v, 1895. Re- 
port on the Michigan Mining School, M. E. Wadsworth, 1893. 

Lawrence. Kansas University Quarterly, vol. iv, Nos. 1-3, 1895-96; vol. v, 
Nos. l and 2, 18965; vol. vi, Nos. 1 to 4, 1897; vol. vii, Nos. 1 to 4, 
1898; vol viii, Nos. 1, 2 and 4, 1899. 

Leipzig. Berichte K. Sach. Gesellsch. d. Wisseusch., math.-phys. Classe, it-iii, 
1894.5; i-iv, 1895; 1896-97-98 complete, Nos.1 and 2 of 1899. Geo- 
graph. Zeitschrilt, 1895. Mitteil. Vereins f. Erdkunde, 1894, 1896- 
97-98. Anthropogeog. Beitrage, 1895. Geogenstische Beitrag v. 
Dr. Otto Kuntze, 1895. Zeitsch., f. Naturiv. vereins f. Sachsen u 
Thiiringen, Ld. Ixviii, H. 1-2, 1895. Sitz. Naturforsch. Gesellsch., 
vol. xix, 1892.94. Erster, Zweiter, Dritter and ViesterJahsrebericht, 
1861-62 63-64. Der Sansibar Archipel, 1896. Die Insel Sansibar, 
pts. 1 and 2, 1897. De Insel Mafia, 1896; vols. Ixviii, 5 and 6, 1895; 
xix, 1 to 6, 1896-97; Ixx, 1 to 6, 1898. 

Liege. Annales Soc. Geol. d. Belgique, xx, No. 3, 1892-93; xxi, No. 3, 1893- 
94: xxii, No. 1, 1894-95; xx, No. 4, 1895; xxii, Nos. 2 and 3, 1895- 
G97; xxiii, Nos. 2 and 3, 1897; xxiv, 2 and 3, 1897-98; xxv, 1 and 2, 
1897-98; xxvi, No. 1, 1898-99. 

Lille. Annales Soc. Geol. d. Nord, t. xxi, 1893; t. xxii, 1894; xxiii, 1892; xxiv, 
1896; xxv, 1895; xxvi, 1897. 

Liverpool. Proc. Geol. Soc., vol. vii, No. 2, 1892-93, and No. 4, 1896; viii, 2, 
1897-98. 

London. Evolution of Brachiopoda, A. Crane. Extr. Geol. Mag., Feb.- 
March, 1895. Geol. Soc., Quart. Jour., vol. xli, Nos. 1-4, 1885; vols. 
xhi-l, Nos. 1-4, 1886-1894; vol. li, Nos. 1-4, 1895; Geol. Literature 
Record, i-ii, June-Dec., 1894, Jan.-Dec., 1895, British Museum: Guide 
to Dept. of Geol., pts. i-ii, 1890; Guide to coll. fossil fishes, 1888; Cata- 
logue of fossil fishes, pts. i-iii, 1889-95; Catalogue of Blastoidea, 
1886; Catalogue of Pal. Plants, 1886; Catalogue of fossil mammalia, 
pts. i-v, 1885-87, 1896; Brit. fossil Crustacea, 1877; Catalogue of 
fossil cephalophoda, 1891, 1897-1898; Catalogue of fossil reptilia 
and amphibia, pts. i-iv, 1891; Brit. Oligocene and Eocene mollusea 
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1891; Fossil plants of the Wealden,’pts. i-ii, 1894-95; An introduc- 
tion to the study of rocks, 1895. 
Geol. Soc. Quarterly Journal, li, 1896; li, 1897; liv, 1898-99; Proc. 
vol. vii, pt. 3, 1895; Geol. Liter., vol. 111, 1897; Geol. Liter., 1898-99; 
List of Geol. Soc., 1898; General Index of vols. 1-50 of Quarterly 
Journal, 1897; British Mus. Catalogue of the Jurassic Bryozoa, 
1896; Guide of Fossils, Mammals and Birds, 1896; Reptiles and 
Fishes, 1896; Invertebrates and Plants, 1897. Catalogue of Ter- 
tiary Molliosea, 1897. 
Lund. Ars-skrift der Lunds Universitets, xxx, 1893-94; xxxi, 1895; xxxtii, 
1896; xxxiii, 1897; xxxiv, 1898. 
Luneburg. Jahreshefte Naturwiss f.d. Fiirstentum, vol. xiii, 1893-95; vol. 
xiv, 1896-98. 
Lyon. Annales d.1. Soc. d’Agr., Sci. and Indus. d. Lyon, t. ii, 1894. 
M 
Madison. Univ. of Wis., Bulletin, E. P. S. & H. Ser., voli, No.1, 1894; Scien. 
Ser. vol.1, No. 1, 1894; Eng. Ser., vol. i, Nos. 1-4, 1894. 
Trans. Wis. Acad. Sci., vol. x, 1894-95. 
Proc. Wis. State Hist. Soc., vols. xlii-xliii, 1894-1895; Collections, 
vol. xiii, 1895. 
Bulletin Eng. Ser. vol. I, 1 to 10, 1894-98; Eng. Ser. vol. ii, Nos. 1,'2, 
3, 1896-97-98; Scien. Ser. vol. i, 1 to 5, 1894-98. 
E. P.S. & H. Ser. vol-1, Nos. 1 to 3, 1894-96; Phil. & Lit. Ser. vol. 1, 
1898. 
Transactions Wis. Acad. of Sci. vols. xi, xii, 1898. 
Proc. Wis. State Hist. Soc. vols. xliv-1897, xlv-1898. 
Manchester. Rept. Manchester Museum, 1895. 
Owens College Museum Handbook, 1895, Pub. 1, 2, 3, 24-1897-98, 
Pub. 15 & 16-1898; Museum Handbook, Catalogue of Hadfield Coll. 
of shells from Loyalty Islands, 1895. 
Rept. of Museum, 1890-94-95-96-97. 
Ann. Rept. Free Public Library, 1894-95. 
Manila. La Seismologia en Filipinas, 1895. 
Mecklenburg. Archiv Vereins d. Freunde d. Naturgeschichte, 47th year, 1-2, 
1863; 48th year, 1-2, 1894; 49th year, 1-2, 1896; Ind.to yrs. 31-50, 
198; 50th yr-1-2, 1896-97; Sist yr., 1-2, 1897; 52d yr., 1898. 
Metz. Jahresb. Vereins f. Erdkunde, vol. xvii, 1894-95; xviii-1896; xix-1897 ; 


xx-1898. 
Mexico. Memorias y Revista Soc. Cient. “‘Antonio Alzate,’’ vol. viii, Nos. 1-4 
1894-95. 


Expediciun Cientifica al Popocatepetl. Com. Geol. Mexico, 1895. 

Boletin d. Inst. Geol. de Mex. Nos. 2 to 11, 1895 to 98. 

Minneapolis. American Geologist, yol. xv, Nos. 1-6, 1895; vol. xvi, Nos. 1-6, 
1895; vol. xvii, Nos. 1-4, 1896. 

Geol. Surv. Minn., Bulletin ix, pts. 1-3, 1895; Bulletin x, 1894; vols. 
ix-x.xi, 1897; Ann. Repts., xxi-xxiii, 1892-1894; Zool. Series, vol. ii, 
1895; Bot. Studies, 2d ser. 1 and 2, 1898-99; Rept. of Fishes of 
Minn. Zool. ser. iii, 1897; Minn. Weather and Crop Review, vol. i, 
Nos. 3-5, 1895. 

Agr. Exper. Stat. Rept. for 1893. 

Minn. Acad. of Nat. Sci., vol. iv, 1896; Vol. i-ii, 1881-3-5. 
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Montevideo. Anales Museo. d. Nacional, vol.i, No. 2, 1894; Vols. ii-iii-iv, 
1897-98. 

Montreal. Bibliotheque et d. Musée du Coll. d. St. Laurent, Bulletin vi, 1895; 
Anneé Académique, 1894-95; Canadian Record of Science, vol. vi, 
Nos. 1-7, 1894-95; Vol. vii, Nos. 1-7, 1896-98. 

Moscow. Soc. Imp. d. Naturalistes, Bulletin, Nos. 1-4, 1895; Nos. 1-2, 1895; 
Nos. 1-4, 1896; Nos. 1-4, 1897; Nos. 1, 3, 4, 1898. 

Miinchen. Polytech. Verein, Bayerishes Industrie and Gewerheblatt, Nos.1-3, 
5, 7-10, 12-14, 16-23, 25-30, 32-36, 38-41, 43-46, 48-52, 1895; Nos. 

: 1-52, 1896; Nos. 1-52, 1897; Nos. 1-52, 1898; Nos. 1-23, 1899. 


N 


Nashville. Tennessee Phosphate rocks, J. M. Safford, 1895; Bulletin of Agr. 
Exp. Stat., vol. ix, No. 1, 1896. 

New Haven. Conn. Acad. Arts and Sciences, vols. i-viii, Nos. 1-2, 1866-1893; 
vol. ix, pt. 2, 1895. 

New York. Bulletin Amer. Geog. Soc., vol. xxvi, No. 4, pts. 1-2, 1894; vol. 
xxvu, Nos. 1-4, 1895; vol. xxviii, Nos. 1-4, 1896; vol. xxix, Nos. 1-4, 
1897; vol. xxx, Nos. 1-5. 1898; vol. xxxi, Nos. 1-2, 1899; Rept. from 
xxii, 1898. 

Journal Geog. Soc., vols. iti-iv, 1873-74; vols. xi-xxi, 1880-90. 

Ann. Rept. of Trustees of Amer. Mus. Nat. Hist., 1894; Bulletin, vols. 
vi-vii, 1894-95; Memoir, vol. i, pt. 2, 1895; pt. 3, 1898; vol. ii, Nos. 
1-2-3, 1898-99. 

Bull. Amer. Mus. of Nat. Hist., vol. viii, 1896; vol. ix, 1897-98; vol. x. 
1898; Rept. of President of Trustees, for 1896-97-98-99. 
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IST tl UUETO Eis see ao ceece esos coos eee Ree ee ea ee aco eeeae XVI, 352 
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iron-bearing membev................0+2:- XXII, 74; XXIV, 24, 124, 130, 141 

Mirconaigl Acer sy feet see in bso also hac ea cs su oes 2s dh soetat noes eee Oe oink XVII, 84, 91 
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AE Wellgiaviscscorbecccncsvrsossdsadvontdan cody cassccedpeckiWebewsduvihe vive Visas tin int innamnmnnE II, 193 


7 
~ 


4 STATE GEOLOGIST. 183 
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Ashley creek, artificial MOUNAS.......:.......4...ccssecececesesecerennsoresereceeeeesesses COO Sales 
RSE RIBMOR ICRA DY ATS UNC Bae ob oars e sco es denne cecetode cone dahon Jobe ¢aeaneseenge-eceaask XIV, 90 
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To gietarnys AN aCe tee condor candace Helene tae CaonECee codec rententosnerecucsoc adeno XII, vii 
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S ber Giyre Bast Neeson eee cee yttas oon cas hace vereccadeescccmenstectenuh cs es ROVE 2: POV LO 
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10} (cae OT © nncrs Wetemen Aisne pane sean vimana Se Seiya me esa XIV, 8; XVI, 10 
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Aupite-Ouartz-Diotyte, Watab...c.ss.2--0c:.-ce2-2 coord come te Xi, VT 
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HIEUM GI PLESe- secon cea seecdedsescasedsssden dead sseceevadcesssseesSeh ise sccetesoce sus XVIII, 110 
. LESPOMSE CO WGORSAN v.05. .05.-cc0-4s2sesanscnnassearast onne ote cacwaatseverenenss XVIII, 82, 126 
EY AATIU Tcl o eos s Sococaes dee vides ssbb rdeoeese bacoessaen eve tse per steeahe rouseden ese voeteamnseeenases XVIII, 108 
Seite paps Edn. ccsntenssceceeseess sbasccsec.sapaess dsadnseenats Meee Metta etbnes=nanceentonae XXII, 149 
Base of the upper series of the Keweenawan............cccceeeeeeeeneeeeeeeeeess XXIV, 33 
RAS OTT PEN OLCTIC Es sc 5he sa acc nade de os cbs sae t iad code sath eae eae dad eatadn sn dive Se deere sone DOGG Fire 
Bashitanaqueb lake, muiscOvad0:.:...-.c.ccsc-cevevs-eoeereeeaneoce XXI, 150; XXIV, 13f 
Peas WO OUR LAKE Ls ccecctveveeicveodetes sanvopeaete ect gbeese titers eaceneees XV, 92, 356; XXII, 22 
CVE Se een eR eR RAE Pie iS eA 3.1 ARE SSS XV, 406, 409, 416 
MSASBAGG Scie cchessstsestscsaccacsscasscssetedeshesscs vec scectsasebestssctecsecadeasesdesaccensenesnse XVIII, 129 
ESAS WES seco sca aces sete teccecc tenn tentne naw deeesdcnt Acunea:veeeucachiecbeteneths qnesinncianst XXIII, 238 
ERR ewey/ aE Ba Ue ai AVR Accents See ccvenn ses ceses cues tecee nceeic be ic tonn cone ceerverasnavseaaee XVIII, 134 
EVAR VMIOEUS NOLO PY Pals sss.ccis--s22.44c05s-cced0svasea5 cost wer cugeteedevateneeedenaen XV 79108 
AAEM UGHS St ONEM AT Iso s5652...<cc54o0 tect seve suoscctossvecaeteeccesdenessciadsestenneencesnsenre XLS iS 
Batostoma: 
BORETSE DIES oo ce ose eer cers ceae eeRU SCE Sake oc new et each pret seeten ace it hn seh omeas pose aweneh’s XIV, . 92 
TPE GE IPED Pe aa ar a Br aa gaa an ed cr Abe Renna SeioccBac. Uc XIV, 94 
MVcUttclunys W9GACH cease. <coe <chence ven steede reat coco teens cave cocentdaavobnscacascneebeter sev edeileaees XXI, 75 
Bayley, W.S., X XI, 23, 41,42; XXII, 73, 159, 163, 167, 169; XXIII, 225, 226 
Pekeleyalake mt GoaOM acc. -srest oe ca secc is cae s eras ages Bae canstatddenesecnsssneurcsc XIX, 193 
eae ee hae eg tags cca ead tiene DOGS KO, TOF ee GE 
slacialb lakevAl gon Quine: sc: -.a-gae8-cosecace soe ene ove seer oessanermareneesssncens XXII, 62 
Ree EDK CSUs acc tet street eas ctcceugou nase usibe cas nonateot ues XXII, 57; XXIII, 163 
ebperlalkce a Wid Geis. sectae. care vacer enero cent occ sas sae ceo eeepennes tidene OIE 
e Re WESTERN SU POTION: -2c5-2-22-20--ces. acadeversndeBecdereane evesees XXII, 61 
ESRI PO Led tees Mew cet Secau a tea tewtecSostn a cncteecersadoise ssnsgssdcs sas aecaticsaae -dasddoessvanae XXII, 143 
Beat creek: (meteorite),..2.--...s<.s20--sersnceos ee: SOE I Rd Oe eat XIX, 180 
eA HATLOWS aNd WeSE DAY;:....2.222<<-5sc2.0c08-cesscconsdsesccssdaddsaescasecdessnnanowars XV, 294 
IR CAVELN DAY ace stos naa tassta Sine dee dassetes st ans Zana aaescciadesesacntcedcucwoetostetactenmeeneveedsves== X, 112 
Wpekaie Hes iss ras oe estat act oe cose oes See oe Sante suites iaeaeaics Laovcstsetreneeseuatee XXII, 61. 62 
AM SMe emrccu nite tel bses teen ane os ea ze see sos secs s cec res esate cous sae stesey dadseaneeeesennces II, 169 
TAO EIL SOIC Aeey n EERE See POC Hee eSOP EE DOPCU PPPOE DeE CREPE PE enc erecucce cantor XXII, 145 
1 SISA ESCO ES) bee re Re ye eee es a PHP rR Pt ee PEO cere IX, 244 
Bechdolt, R. F., Geological notes in Blue Earth county..........--:..:e0 XI, 41 
MEME NC CML CIOL CO secce ete feos cart tean c= oan esas avec cd Aue sou sesoatessbaxeee so = XVIII, 145 
"Eyal heirs (GE) BRI Ban Peek oe See ee ao ei Re aCe nc crore Peo coA Een eee ee DOHA atsal 
BSE FETC lire son ree eae we he een ac du atean ne ad see ne daaliats Se aeNon vests aed cdnee tee stance« XVE AS 
BSG eGESELuCt inher Oli a WL Osetess- ose. -to 500 toa oot wd paced ce dense tetca donne coe easeens ee XXIII, 224 
BendinerStructnre dele .2.22:.4cc210.02kedsscccec. sees uoee-asesotesooscaeees KEV ZOOS oe BS 
OREN DOSTES, teen ee lewae cia a eeieessbefonate A OTT REPO ERS Xx peo 


186 ; TWENTY-FOURTH ANNUAL REPORT 


Bee i be yo occ 00-20) a0 tove -oneah-tnatt ck pesadanthasandncKesenp dent asnnnananeh ener anMeaeNe tae ame XV, 276 
Bell Plaine; salt wells eee Ove Seip de ee eee I, 36; II, 79, 86 
Section Of wellisescpacc cscs cer occnsas spre ons ne cansaeteee aabeet eeene: te. < its 7 ae VIII, 102 
Bell Mo herts 20.2203 se-eeanteereese ace XVIII, 208; XXII, 33; XXIII, 143, 163, 188 
explorations of the international boundary.......:.:.:ccceseeeeseeees XVI, 143 
Bellissima Wake, ..cesvce-rceesesestetses- seen racesen pare XVII, 167; XXIII, 224; XVII, 167095 
Be liiO rede alas ss2524 sae dec cepeteeeee soc tactoes se spsiees scree sasuer eastern toes XXII, 61; XXIII, 166 - 
Beltrami: 
data-of FallsiofiSt-sAnthony -:.,-:..c-cccsmeecnces-se-cen: ere ss omens eee ee V, 184 
description of Falls of St. Antnony............ceeeeee vegeta eee VLSe 
Island of lakevArassiz. ....2i.<i02:.stossesusevce fasken eoseetew eee teen XXII, 90, 93 
Benson, pleistocene geolory -.:.......--s2a-sn-soca-seesseeventptnaressvastenanens meee XI 33 
Bret On Goes iisaccnct Riad stavecceshontesesdousnes sasasenntoatusenetoses keene een ante eee D.G ion bi be, 
BELEMICEA ANITINES OLETISIS oon ce2-% sac occn2s sede egeeeces > snce=E=cct ance tenes eee bee eta XIV,,. 58 
EMER AE ME conese ten cudh gran snes ences do ou sown = casas unum anes comens MXIT, 25 3, 68,134; XXIV, 46 
notes oneMiinn. amitierals,. z+. :vecdessesess tease ec te eee eae ee eee XXIII, 194 
Berkehrte scott iy 260 00zcs0-03<0n0sss050,55<essecaepeascsesatay etinee ec ceen eee XVIII, 68, 74, 80 
ATL WEPSEOMS 2 che. sate coosecnecccvoicccessctondeenetets teas pivee oer eee eee XVIII, 102 
IMIESEONE Fores ok seeae teks oak ad dodocn vena ee Cones in eo SER en eee XVITE 392 
Beebe GriSe: Wa yee ccc cxs os spe none ow bse vee -csh esos ienacatsassestaritent st se-taeeeecey theme XVIII, 200 
TS OUVeeA ce Vineness ote nto eesedd acces ae.ciace Setvesecnractacsesteradab ary ant teeee teeta anem XXIII, 134 
Bewiers ratte ee 264, nto sccc5<dcsdbe tease Sospseoccansvasenccdess ccsenacest onan oe aaa XXIII, 78 
Mining Co............... mgbaevissdssduscenssh sstescascoustbeocsvnseesdects tee eanee XXIII, 79 
Bibliography of, Foranainileta ss; ¢.-.s.5.s2c-s<010<seensons cons «5-900 9s ee oanpaeeseeae XIV, 167 
mining on) lake ySupetiOtey cr -cc.c.-.1-cc-esersee22seac-ves--ceeeeeee eee XXIII, 146 
Bi pvAnMeniCan (iin 6.3; .s.c25.+cceaceccarees sesunae-eas are -ote cost oper s eon aecee cer meena p.@.E 81) ry (2) 
RRND TA WEN s 2c. on 805..05bcnctatocty'ssanceleesennage re IX, 222; XVI, 430, 471; XXII,32,42 
BOTY tS OF 6050s cc cee n'sandsne- Soncut uastevan teeth syte sas eoaeeeinenti nee XXII, 106 
ANESOY IE, Ol lADTADOFIL CS. 02 ace 5 ses-sca05a002 ones 2aveasanavnnseneoohaaentheapeeenaae XVII 125 
PSS POME see Mee ne at., A aetees torn assensaecatweandocenspncm arena sek Beareseees IX, 239; Ii, 275 
US ARTA TAT AS: 8 a ok stock s Soke ah ober oasnen op eetes Se teoe Ue: tate ete ae ee XIII, 178 
SEO SEONG COMNCLY. s.0sceeaccesuseus s4sonsecds tn soiesstnacosvceen teres Seseaeenpees css eee XXII, 33 
Bir WYO OU oii sviasyscaseeethsn ev opevade'ads cgVaeed «sae eb rncyerceriyeccpecenregeteds II, 210; VIII, 93: 
Billva es On Sha COuiChss. si s2icoee.csocseoes co stun cove dence: svessthrsescenes ere rena a aaame XVIII, 81 
WOHEREC STODP:...4...ccsssaeseaces vese cee os Sata sysce ture oye vgsuceo se teeee ene Rear XVIII, 138 
BTiS OSHICK IAKE secs fadacce dove oe seeps osectee-dostetnoeteneses suenbe be ee one aces XXIV, 136 
BiG Str aphic MECH... aesevccdecvscoc-ohcopeaeavenpatsnntessscettae races sccm Ueeee eae XVIU, 67 
IQ bi Ge Seay ans ec ncay he sovesae Uap sdopaeen SA Seasons Pade bata fateeaateaeet cece seine XI, 20; XIX, 28 
BoC BAG oss cosenpencnetecnedas ssponp ocean sesvvdeumpbyoa nfs ctv vesies sass aa an teeta ea XV, 285 
Occ) (ee Se REE er nue AE 11, 163 
LAURE sty ons os ecco sbuecace cerecees tbs XV, 319, 331, 342; XVII, 92,162; XXII, 159 
{bedded Pabbro Ate Finsec cs scepevvsc sees dccatearenadenomsbesvennctepeayeee XXIII, 226 
POUnG so lacie ys cocdavn Gas avdeccb bop eugeduontst add tin wopeseresiert any iets ease en XV, 281 
LEVEL 5. sac ndas accu andes Wer top teenie oie dhn coe TERED ee er TES eon XV, 319, 331, 341 
BTR IST Bieysscdteskcculss «OMe iapnnacshe tts costewses ies V, 232; VIII, 131, 155; 1X, 361 
Winter birds: of Minnesota... .s....50655.00cdcapossngeasssnussesaeese estos vase eee IX, 373 
PITAGEY.S MIESLONE;,.. 1... oviseonvohayspedvvdivouyetssoneixsereensstneas os cet bes neey ame XVITwe 
Bischof, on hornblende rOckeiis.iss it. 1.ccvevueossacvouncsabies asp sapnneet sacks saneeyeael XVIII, 159 
BishOpville (meteorite), , soy svisneedescqucenavneess Mokns cue tices seserntosuniOeeye pitta XIX, 174 
Biwabik mine..................X XI, 79, 117, 120; XXII, 3, 19, 44, 50; XXIII, 142 
Black Duck Point. ....5:05sscscderisncssasdehsvensssysonvouvviedethcent sacseusshn nest iryersaenaes XV, 282 


BlACK ELY DAG ies scugseevacevevredsi est oatveeysivvcyechpar sats qseeninproe this tghvy enviar name XVI, 73 


STATE GEOLOGIST. 187 
EM EKSS AeA Gy MUON CIOLEN CH. toccaceocce sco sesees coders bec oncoveed tewhtnnaee Sane coseues MOVIL eel 
Tifat dL VAN acc eapeececReee TRC NE Oe RO eR aan MOVIE TS, 6o 
AMTECH COCKS O tiesetecsices toon wae ese oasnc eee eat ranean nek eeceoe ened aea wees AVA 99 
ipetines Wha Pcs onda cds acs ed, Ve eR ed. as SH oS ROI SS ALAD 
ESRI EUs IT! OT AI Oren cca ses seateaccces caeceasswatesesceckecVeavaccadedssscotcocedescasess SOX 65 
Blanchard, Miss Mary; translation: Dy.....2:...0..cccc.scesesetoeceseescosneeseereees XCIEXG eel! 
FAERIE CY SE Lal PLCS Gaeeteess cans sUscek eves caces fatsv header clewecteassccnaceisaelcasstoasveetecees XI, 100 
MEP [et Ee aval eater desesscedeoncafcnecsncsnatndsdisiivens¥ierdeandevdder Mosesvepe LLL a 
TEL Wire G| SACS ETES pope ae be Beet a RON. mea aS Ire EOE Ae 1 Nie ARE Am XVI, 161 
Bloom acon lb Onlder clay iiOMi -2.2...05s.<tcsteacetsderes~9~ este vencassseeceeee XII, 154 
ETE T TSE OL VOM 05. cn cns.3sWceow west esssacsadunaupaddeetasebacecctvsssopactavesnroes XXIII, 38 
ERI EMIT ADE ICO LILY co lsstecs <cececcosstos ante sseceroneseozeveccctrandieese-saseee suet II, 77, 133, 208 
PCOlO SICA MOLES. ses scesncnoe sssttn ave cnstde nee ctewcusesdeects oavtoees sine enaoe one ts XIII, 141 
MALeT HP LACtAl EME Altinc s2. 0. cede ore tbseses Woeeeena nate vortboies oar en teste ometeeee XX, 290 
Bo vad [Bair al gl Seater eee dee Reece SR ORE CORRE EERE Sea RC cir eee ae Beaton a epi II, 145; IX, 244 
Bineskulsrand the Mesaby Ranges... .catcsSccoccteccecececsetceseccacsaosesoescteourccss IX, 336 
iGEM vMocnds, FO Pe: COUNEV ....22....:-ss2s.o-rcosesusceesceeosseeecd ond ode ON eee ONE lz 
FEL ee TRICE Cg lees SUS Ee RnR er nee RAL Oe Ann d SOO CRRA EB Aaa Ane RRR E Be SHON XVIII, 104 
RUNNIN fon c oes deo 350 wc gia donc sssnles vs ouoWaaces Snnwnast dea tnoalyeceteds saved snsesecucs teed XVIII, 127 
Bohemia, Barrande OM..............-..s-eencceeseeneeenecesseensteesnecenseesesoessoewaas XVIII, 110 
TE ONES, To Qlececobns ob tatec pose cebsaooeee cone BEAD bonausngecd sued oaunoshagnOe Bucy sacaogaseaccree DOG UN Gai 
Hv oaala ae ETE OLILE]) soctcs ts cn ctaccccsaacee coe seus teoein seesee Aaeuemtotowtenesobancoveveseees XIX, 178 
OER CHM TUL ht OE AION sccssavcake sane rashes ies ob ewes saeae cence decane cwecee cae seteuesae XVIII, 157 
Books (see library). 
Exermuenleulcencty Gavia CLINE b Yie<ca ors pecncass so s-eeccss ses ctese sda sseceoteccw an soon esdl Savescsrerenaas ia let 
pentane nasil Sa TRAIL E coe oe one sac se at ow clades cos = aceon ananles ar evaenbieta- = ivsevelaeeanee TER ake 
EHEMICO-M1CLOSEO PIC AM AVSIS-22 nee os. soca te tseneeweseraasteecetecescasaar XIX, 54 
COMER Ree eee ae ee eee ne NY crib NN ESOS AE Tae ws denote sanaretvae ce ocaeeo ees Seas alt 
Botanical datar.2...2..s0.54-23<00e- V, 64, 66; VII, 36; VIII, 138; IX, 179, 201, 206 
12 Sp ELS ee reir Te ee.) LU Gags Ua ep 2) 
Tics Dk ices Ta ye(a Re ee a a aS TRIE a gM ge cs Sa Cae eo OMT, a2 
Clase HOnamMniends-cee-eete ected: | a¥-cassensarerosssssacoatsededeces sss XIII, 150, 164 
CE FEATS ROSE, Seepeceee a Sca SAC Se RAC REC ae RRRE CRO be hacen coe Eee oo ee enOne 11,197; VI, 44 
AGUA CES set O tala MLCT in ose. eteece secon eeseescrscccsscesscestseneccnatsieeasssenassaccmenene== XVIII, 88 
by edisintep ration 1m) Sab DGO-1..52.-2205s.aqpne ceeteaoe-anededuegeeeeeecteeeaaeas XV, 350 
Aa ATIS OGE ALI OMe seeder: cic cnesenerisceacome cet sue ssocrssar ciseecetesentecseraasustcens XXII, 32 
PAPE S CLUS cos Pacer cae coco Ke toduest voce cgcadeod sna ividpssdetdacdnsuneveneguahee senccebs MXIT - 76 
Osleacolt lea Cieccsesacs one reaaeetcostn ona se Senccee sta tere reste o nots asnee ovece once sceencecess DOGIE oie 
EAUREA EM AIG Ve LANE Iee soy kn suse a aveees cot p 026-0 ooo tenes ooodnteaeest ave ccscveeyesetsastanesesowars XVI, 229 
TENORS EG MET OUT DV Cheeses a sees ce eat tase ce aes coer eens coe os can eset se sesncact er suesaseenanr LOWE SSH 
Mee Melt Sta Weal bas Pras ed ON MN enna Pon eEL TEEN «de decetebony dunce as Oe NA Lg Ma 
EP ARTC Clonee ea ae ae nae cates. Steed Ree sire c dace cance sostaclece faneoatt D.C DO-G00 ey 
REG KEMInd Pe WIENS ics ieccs.csecces sects ssencccesessoecstserteoctoaseamavsenncnensee Ver GeaVieala2akG 
Syishartetems boo p11) (eee aneeae e XIII, 29; XV, 249, 270, XVIII, 32, 34 
PPLE TIT H CLEO IEE) scccars eccces eos ca s-ccnen orck to 4c0- ses gownrac.ddeetna~secsacczemcadvera we XIX, 186 
Brick: 
COMETA Panty OM EME SEAL rteacsa: sescee sp Jasee dace esneccoetnaectmeaes Sens ssennaa = VIII, 118 
COMPRESSIVE SEEN Elite. scsvesecc--secede<csacneere sac coettesecqarene snseaen sss XXIII, 218 
TENE a Vopr EOE Yoscck In eek ooariaceoeconce dacadace Gee ela) bac anpUERC LES dAACeod Oe acuop ace Tie eae 
Yaya ere, Goes i Seca soredanelad seckeeenece eUbicl oeudoq oc augdecou {ody secre BacnoKQoe nooo asec = IV, 105 
KGET wiO O Clase. crtetecesest casacecosce seein eats cosdioctee sta eresaaetaees Se aeeWecseneegnss SIT 7 
PERE HISTO DUAN COMIM EN ocd st arene: onosesocesecanetarsccucess carvnnn0s+-ccscwsepeddedacwasesedans Nis Lis 


: - ies gn 
8 
188 TWENTY-FOURTH ANNUAL REPORT 
FIGHSCON COMMEY: 2-06. sas 252-9 o> -enastreco¥aeecgestssaseush theacaee ick stage ee V, 499 
Olmsted cma th... sess: c022..o2c5/.ovevas Spee a ee LV, See 
RAISE YS COMM EY... 522 ob. nc a2 scthesy cageon caw esePeaned pany reas bees sae pene WI, (29% : 
) eel a8 |! 1! ip AOR Mn Otte me eae ee Me 25 x istteyciesds ae ig eee VI, 124 — 
Steele Ce a ce eRe ie SNARE", IS, bdo bwledac tage IV 1133 
various other places in the Minnesota valley..............:cccccceeeeeeeees II, 209 
BTOGKS, A tse, cose oe XVIII, 155, 169; XXI, 88, 91; XXIII, 9, 132, 189, 149 
AL BAN Y PES: jose de0de-nponaieseocnederees Ang ssedeeeesep pe Mase echt 2k gan eee XVIIL,Av2 
carbonaceous SIAtes:. 2: 322 eet ee sce ote coos eee XVIIE, 173 
Comparison Of. LEBIOUS. ¥,. 7025. ehass- 2 ee oe eae eaten osdh weecs ose eg MER XVIII, 174 ‘ 
Ciory te rocks Ac Neie Sen ccdoone Bs ee See Te ee XVI, 171 = 
equivalencess. 5 Aye. a iiiess coset tapee none. eee oe XVIII, 173 
Fhtrron \bayii2 ist. hoc ehccs Sesaacas stays cog taucec dete tere eset Gee ee ae ae XVII, 172 
Menominee tron Gan eels. s os eee cape ee ee XVITT,A78 
MACHESIA 1 SCHISES: s2-3-022-02-csseeese ee a ae XVIII, 172 
SedimentaryjOriOitie.css6aess ssavde ce seepete ete aera ee eee XVII, 170) am 
tableof; SOW PS... 525 senntneondstec oben sncanais ste geeupexesiatenses ees XVII, 170 — 
Wisconsin: ceolo oy ites cicsvepsercteseo eee cee ee XVITL, ATS ee 
Brother toa, (Bible Feet tc ae ae i XXIII, 139 8 
MEO WV OR Pic Wiss ick og ste sck sine vce Fe pect cds Ben coh posse teaser One en eee XXII, 23 
BOW, Po aires Ets ee aes hak os docag soe tos Daten oot ee wean TOC ee XX, 159 
Brown's *Valleye swell’, sce oss easteceseo eos (BGM Ue, SU SN ee XIV, 14 
SLO WIE PR eos oss oe ashton es sesdun cate odake ote ae dsnstauasesdeueare cas hinesty oP eae ee XXI, 113, 114 
Brown sandstone of Taconic (Granular quartz)...........sccceeesseeeeeeeeeee XViTES ae 
BOB ZIECS 23 CER ose sata a cae Aen Ent Ee ee XhwAs 
IB EUIGE MEDITLOS Sc sos cae coapea cosekc oo Dob Leek ah gk oro eoe es ee XVI, 145 
Wor tt] Chath OLLELE ALITS co ce Berks es Re ee XVI, 62; XXII, 136 
NB Sree f0 ee {Fi Se Sea iaeoase A eat nese Re ae XVII, 69, 138, 176, 200 
PION E beeches connate tceav calle duack svemac Und vacctee ys acne cUh secant. tiene See XX, 261 
DAR OT ihice Saga 2 nvie sje duis bola vat sae cece toca aurea Aean Roc eaease CNC eee eee XX 218 
‘Eling (of: Pa et Sea MSMR ne Nase Ae ena Mitta IE Ne XIV, 55 
Buckland HD rice ck daa .p sco rstants sete snd oboaseatemseee stele oo coseenec ee chee XX, 292 
GiGi REGIE: 55 ye nc Son cas cent cee dose aceon soudbescotee tons re tannnis guk bate rao II, 208 
COMIPLESSIVE ISHTEMS tHE Es oe secre soe rele kn ecteeee eet oneeme eee V, 46; XXIII, 218 
PalltmOreCOscisihicc hes akira soe eek ease ee ee, ee IV, 8 
Pepin Pini CO. ws. ctccezsdtecacecseccdeedccnenabescesb Aucecs docbecaee sete aks Seen V, 190 
FL OTMSEOTCO. ©... 5.cacucer ondscasavospt es deeagadees od dsee? evneee dase cse's tee toe aa V, 44 
Minnesota valley ivct.. cacaceresasonnsaccetvesesesenced Gans che ohaerenee II, 208; VIII, 123 
RAMSEY COs. aio seniesca5sesvonaessess coabencecyvenseswtes tadens vee <cs duct eae tenn VI, 90 
RAI Y: LAK Cwici ies cere ccuenctendecaessedeeel de DgINae esky UNDER ee Tt «een XXIII, 94 
Vatious parts of ‘the State:s...: cc... ccctise-cosevaeseat> acs shtoeh eas sol enO nen X, 184 
BMI OESTIGH, vvniss safes sed bactayevedi yest Sodeasbaetotecbpak oheeereee rea ecaed XVIII, 3, 38. 46; XX, 136 
Burlington Vt.) SandstQne...,..35-s0rc0.-vissuepeuvenys eneer ans eae tue sya eee ene XVIII, 109 
1oyot eye.) (cl (: 1 ¢ eee pes Same eorgy Sst eminbeey ty oF ye ieee hs Pe XV, 36; XX eae 
Burnt Forties, jaspilvte and quartz POrphyry.............scsecsceecesesssceses eV y ue 
DUT ty LV tebe becsvans WA de SURMEKGS Es coe Dove da earig eat XVIII, 91; XXIII, 132, 136, 149 
Brtler (meteorite)... ccs ded. clesgsthesvectaveversshtbenenthivepn veces neal} hus seus poeeeeene XIX, 182 
By thopora Merrick in .o.:sc.ccvessssessussipenscesasavsadcceonsuamyener>iUeteh comin vpmaecnnae XIV, 99 
Cc 
CA bOtian IQNEOUS LOCKGi 6s iSehunagexkunss Srvlereasrcnvotasven tuerater tiie XXIV, 25 (foot note) 


Cdleifero we wand roe oo: 5 cci.coisonsdhsncxqeste bi gucoceensestoupssobicid irate ee XVII, 72, 


STATE GEOLOGIST. 189 
Le ea ary See i 2 a oe ON IES a PL Re ae ele 277) 
MECCA EA Fe nae casa ech Jai eet vaca saps cons cstonantnes dseeguitses Aobasdsvcr detbeeagneate oO ELL LAD 
MMe NNPAACLT STE EIT GUL LIA AS Noe cet'. che coon as hnssascasaaouee ue on Seertee aoe hee techies sare ace atte XIV, 95 
MIME CHEN ELON CE LSA ose tees ove shes oak oh chee ea sees ee ee ee ea ce ne meee XIV, 96 
MME VATE INEM E CHU ates cds ns scSeaSececesscsSeenssssvoee cate aaah bededes Sees siaceanes XVIII, 78, 107 
Pe GAAT GY SLE, MIMNMONS! O01. .2......00d00cncdesvcacsseossadsessvaecnedascapobass shes RVTTT 872 
PANEER ONT sees eee ces cc caw Cees ces aicc seh ca.cele s SOR eee ee eet ate aes XVIII, 154. 
APL CULIPIS ILE Corva vac stoanctotesc.secere.vasaceceenodeeteeet oo XVIII, 167 
SU MARAMIEMIES POOL Us scscass sons seau secs svied's Loe coweduecdase UR Soed teens ome cet ode vccteceent eee KGS 
SE MBRIMIBTEN I OMIA a ae ees. ec toca se ue rap voles decades ac Mav otgadte Ne kas oe ek yi hk LL S 
aS AMET ATS OTOL. CISCO VEMIES 75.8 50éceecs 2, cou scxsesleeossoneec vaste ses ieecouncheoeue ck XXIII, 142 
Ss oe RSE ERS a rn eh Oh hay Aner MA Sopa GG L152) 
Carboniferous, existence in Minnesota.............lcccecceceeeees Fas doaatas Se assoc tote WIS 7S 
ROSIER ACEO USI SI ACESS coin seed once cae dec sroaseouete ce eager ee LOVIN 72. 17S: 
Lp TELS ASSESS el St ae Sa oe MERE eid DY edpt Td Rat XXII, 96 
SEP APRERUMN CRE ooo Sade coho nd ode cae cedodivess nies eva Mardea eT eet OGG hoa XXII, 134 
a MMIBR ENN TRG a BUN Secs ad. cooon geo anv eccieessinngttaguets veo dap ana sat eM och Pe MOL AGEL 
DN MIE PLE ATID ot <2 Sains a? 0 Sg sasacs= 2s oooh va veo Caacd eh aeenean tet tad ea OS a a ous XX, 159 
RRA ea SMM IES ea ance ses ick cca ile cecd sdwalscgucvvd rack comers eee Tides toe Doda s ect aes TEXS 22 
RGe Atal SOTTO O ANGI lene eae. Soh cok lanccac toes ceo chek cacOe et eoec comeese teeta detec ne eae de XXIII, 83 
ot ice & Skat Ge a SE eA ee Meme ee PAV AoE? 4 POU cE NRA, Gp, © i gal 2 PUD LY aD 
MERE AB ATES ve. scckn.~.W soeteme osoer- seeeeeust iste TDN B2ON DAS KONTEV 3 SO 
CAVE ROSA CODON Cy cee nee ee ee RE Pet Aeon Mer les ORC pan eT (ibe TAGs Hie OD AS DOCS BX) 
ROM cAaM CMTANCH DIAC saint de iacs os Pass Goes ace aes SoS oper Mee oe ee PU ete Oa XXII, 175 
Samat rolwcoutity, waker fron well... i650 ..seccsscscseadesciscecoesotserccons 0 Paes 
Sei, eS ale ig tena a aa ok PD ROA me A eT MV AS XX 299 
AST a ROSS Ie ere eee ay EO EROS Biola panes Ma fe Fe Baits § XVIII, 193 
Sele OuALnAn, Cx peGiti Orb y.2.2062502.2s..2. oes bocce ocenecéveedeseonek i toacheade ce I, 127 
EPAUESHO aS CUA TIEN OM Vie och se oho. Sovesse ds aceeaee aco aes V, 179, 184. 
Cascade, Michigan........: SERA te ee a Bie aes ces Gea eee che eae cater ated XVI, 43 
Beri eaMEPAREETN. (MUGCLEOS ILE) 9c 555-00 8 -vaaic sued cua coscesessbecSabe ddadstestsatoesdeeséesens XIX, 184 
(SEASTAS TREO 1G Sasa a eee te a a IROL ANS ALN Nes Oe seta XI, 99 
BASSE OLMS Yee. cas oss sea oWe cdc rodent oeeccce sce aobercusiss ...XI, 87; XXII, 19, 20, 26, 29, 31 
“poh DS! LOU SAGE BPE aaa aa Re aa ac aS Sen RR ae ERED 5) 6) A Gta Ha 0) 
SAS GHCO CK) AKO bat COMME sc: -cc.0 sec seslcntre cee ooee ose II, 136 
SASLOROIG SVONLOENISIS: «5.0: soos. oocecsseieoe csc onSeta tee eeaete ese Marc stes ee ne cease VIII, 181 
Catalague (see Library, alsc Rocks). 
TOCK SAIN DlES! <5. hs ecreeios-oceece EXGW AIT 2 OE EXO XE 9G =) ROUT 59) EXO XC Vio | 
meteorites in the University collection. ..2.:/...2....0.....seceecceseeseee XIX, 170 
Catlin, George: 
mecouae Ol thie! Pipestone GUartye,.<:c:-c52<0i.ds0$4 oie ssaahaovsdeee ce otlonee: Wale Gye: 
Sample of pipestone first procured by.............c..ccccceseeeeeeeeesesseas Dann / 
Beemer MARES BUN 2 J eas eeA onsets oa Seance tcc acdedcbtss (anki ssbnc¥eeh sedesui cbs sontecee OX 6 ash/7 
Cepralopods of the Lower Siluriat:...:022..--0406¢2.080--0-0000000 vee ENS Neel nn 
CTS eR CPGE SS aoa SIRS Es Viet a vite ck Con ays RNS Re OS MI PEPTRON Lare ee 27 
DRM R re ee ee TS ee rs Sry BUD, pera keh vse a. sae le toe Ds gale 
OM MME ELC nda 96s Soa tes oF Ad nies ya- Be donsgseodv ads Bisel ae MR Kee 
li 2577 Teg ITTGEN a la a TCP aa ne RP RS Sa a XVIII, 91 
Ber earen met itt Ce os Lies essen kia) Sesh, cfesieceies XXI, 4; XXIII, 150, 183, 192 
Chambers, W. H., Donations to museum...........c.ccccceccesscecesscsecesescesceeees VII, 48 
Champlain division newer than 7T..cOniC............cccccccccsseccceessscesesessees OVI ei 


9 Se 
190 TWENTY-FOURTH ANNUAL REPORT 
Champlain epoch... ....:....--<0.--s.-sernaesstocpdnccenssactenspa-emadoeensenronssnt XXIII. 157; 193 
REECE) SHO RIEL CIES aon e 2 nc oases eae vanneeeaemeetiere “oes ananne eee ees XXII, 179 
Fe tion £0 Quaternary CLA x. o0c.ccbens censeedgeteece-o-ses=rkede poe eee XXIII. 185 
OFS CEVG | Parris hic ep Ope EE PE ee ee RN ie. lee. 5 ALLE ees Ae oe Peale XXIII, 142 
Chapters of Vol. III of Final Report issued..............--..:0 OP. ..5:5 XX 
CharlevouxeP, Fe Xes5 So sexd et tccesadet secre sheen eee soso) sean sons ree XX Tee 
Cy FE SA Sa Bop Rec een dee ae XXIV, 136 53 
Chat of Geological. Nomenclature... .-..> sare hepeseceo>nceetsonesudvharevesdenesa=eaeneea Lcd Sime 
CS Sey Os | SN eA eee NE ESE UR aR XXI,: 68.2 
Chase, A. S., Little American’ Mine... .-2r.2-ppteancpes stot ueesscnnaera-ocsndanee XX 78509 
ORAS. Sa. cock cactck was seen Se sew shen hoon sol sane tetra eee eaee cet oan XX, Seae 
@haska ‘brick mia kite Yeiecce cose os oes cs cecceateey ear copeebes ceases np sak coe eee VIEL, aS 
Plateau Richericaeccssevesssstaoe- ar ecebodate ody bac She ae te mee elt Rae ween oan XVIII, 125 
@headle’siiron ore.explOLratiGn:.:.2-.-5--¢es7-s-toceesereessep= oe XVII, 117; XXIV, 62 
OleimicalAnaly senses ss 3 2.05.cc.cnct sete. cae aces eee ee nace raakes 1, 122: V, 57; Soi 
A parpliy Mi bese sooo ayioh se mong le mun hea onan os enlbrepn a ehere en ee te ee XXII, 196 3538 
Arpillyvte, Sur. ser., Nos, 1255, V 256. oo ooo nee nee XVI Tae 4 
7 NCE (2 eee SES EE DS Rey 8 ol Rieas aoe eden coe XXI, 48 99 
ASTeibe-GiOrytes: 7. Seoeese-censcs~snptacncteren-oeeeeet epee XI, 57, 59, 62, 68, 66, 76 
Aur ite-quariz-Glory te......00.c0s-teckaesasuconr<astueteeeere> ---anoess eee BO es 
Belle Plaine water) 22-56 5: ace ohne stoned o 5522 ose eee ee ee Tl, 87; Nive 
Big Stone lake, water chem. ser., No. 148.........0:::::cesceeeeeeeees XIII, 98 
bog MaANPANESE:,).-. 2.23222 .2enns nooo sensepeon <dVatnw nay acy oAtaioh. te ee XIII, 205 
Brainerd, water, chem. ser., Nos. 49, 50, 51...........5.0.....-s0e=s VI, 28, 130 
Breckenridge, Water. .....2:ic..s: .c+sasnssdercnetey -onoeenc ae nee-=aeeaae ViRcTS 
Brown’s Valley, deep well, chem. ser. No. 175................2000c0000 XIV, 345 
Building stone, chem. Ser. NOS=4.6, 4.7 ..0.2.<0..00s00ccesaecessonasueestenaaaa VIak29 
Carman, Polk Co., artesian well, chem. ser. No. 131................. Ly LFS. 
Clay, from Red ‘River: valley... s:.cos...tc0gh-npisns0sussvendne uastenp eee X15 35m 
clays; chem:'ser. Nos: 192; 193.5. ts2-cossreccs-tvanesPvareee-ms XV, 424; XI, 180 
RDDIOE, aol sazee sae << cnonss sovnncerce seas ctechety pares pros -eee- ee eee ee ee XXII, 203 
crystalline rocks, chem. ser. Nos. 179 to 187...... XV, 423, 424; 
EE ER STE ee eye Pe ee na = XIX, 121, 125 
cupriferous rock, chem. ser: Nos. 176, 177................-+--ssessensee XIV, 346 
CA tOlites.22ccleccca.ssavcdedpors svte des cotevssshecapeeodie cose cosete esas een ean XXIII, 198 
igh ase. rissa seve coe ee eet ee cee ee ee XVII, 126; X XIII, 195 
Aoltimitic TOCK..2..c5c5e5cecescctsectssnchs-cephecguey abvcoveeeecplee seers ken eaeenean XIX, 1265 
PMB B PAR. 2. <iiezss 22 - coascseacha tas <ahsnapneWoharanete penton? sin XXI, 44; XXIII, 205, 206 
GELB YL «,..ccnsesvessobev-rnnoetiane nocebend LdeRabieoseVedesi soxsthinant keegan XXIII, 204 
SADDIEO aavb oes sa daqevesse-ie crak donnepooct sotietypiiptg hoes she stlarip naar eee XXIII, 208 
PI AUCOMICE..00.50205ss0s-avenranseeder cede mendseduuneincnsnasdoxdeatgastiieiae XXIII, 212; 213 
BOI OFC. soeeesedsccysseseccepsenracdasononnensbanh sedecss ben ecastunsweseysbgaes terete XIX, 121 
STA PLii tes a....sggicesoce-nacesobnensnesesondsurynnaaeaedsensenasusbesue=pneis mean XIII, 101 
Breen Mineraliy..........ssccceseccoseqeesscersdandes corsnevechsisabenss seme XIX, 126 
CANCE a cscvigeppe-voessnwesncanndescscasngunesso¥epaee tke XXI, 41, 43; XXIII, 206, 208 
WAU ATL US OCG oss vacncebccntscevsuds vole nia todekapeeee es cotek tees XIII, 84; XE ie 
Heron lake, raters: ic.c.scscconscvecsecartssnnssbabsussvvnasuvebiveptssihete inna AI} aS 
Hornblende-Zabbro...s.s..cscscthserssctesepececsecnscso+ssronsu gues sasieona elena XI, 54 
hornblende-porphyryte... ......scecseccssccssserrcsesecesseeessessevseesevene XXIII, 206 
Humboldt, water of salt welll. .vis:sccds¥euss-oss-sdesewas sacsvssotaopkauneiwan XIII, 101 
Hunter's Hot Springs, Montanaas....:...0.cisceossesssescocssncensreuesssuneens XI, 17948 


hydraulic Cement........csrveeereccesssssesccsssecsvsssescesenensessses seeeaees XI, 179, 180 


STATE GEOLOGIST. 191 


ION OLE UEeelol aVL. 22)-93.-eX1 157, 16, 164 Xil, S034. 35% 
XV, 260. 424; XVI, 80, 83, 113; XVII, 80; XIX, 121, 124, 
P25 xe, IAB O44 NO OP LOI 122) 1235 XOX 204: 


Kaolin}ichemical series; No: 108). ..52.2 02002). c5e2cc4enehe XIV, 346; XIX, 122 
IAIEES ONC OUINEY WALEL Sos cccecsiceossoansocs esters stds se seieeteedevacowaeeeecs XIII, 43 
WP ATEETOHEE CREE Saree sore ee ean ade ds m8 be oaks See oe Ors NET Wee WADI A Bese Rae XXIII, 196 
DH SSTESY RON 9) Cope I ee Re ee ete orp e eee Ope Pie Ree Viv 29 Vas 
RATIO GGA sae c: cence sevets ons cea seae oases ud se ce saoetk Soesenes tices? XVII, 90; XIX, 124 
| FCTWLG OV Se a heen ic PE Ser a sere ty arn ae a ee ee Eg VIII, 166 
AARC EICHEE OIL OF Coca sceits noes deca cess ntssetie cede Meas Sivescectme Sans tans eecasers XIX, 124 
TEE CZIETET EL CG HOS any ee ene CER el EERE EE RRn ee) ene BCRP Fe 1 Rene De OV OG 
RAAT PATI ESE O WIG Cor o22 26 ops once acbiase. os .srsssuaseteeseacsa¥esseerace XOX, O21 NOT Sil. 
Manka tor DOrings froma: Well si:2sc7-2e- tics .cecdetacce- cles saccseeaaseee ste XIX, 124 
RINGS ed PY Vie sea oc seca cos sashtei cca e woreeeennssetbeceees PEELE pr eR a EP Re ere IX, 49, 44 
TTA ON et eae etter AAR POCE EEE ECE OEEEE CORED EE Pree eee ee WELT S See 20 
TUG ST ETGETGN Me Sa A ee eee hn A Se Rear el ee See ee XI,171; XIV, 345 
PESOS FF UN G2 6) eee came a Re ore 5 Tue eye Ue ene, riage ee Bad eneD, OD, 0) DENA 8 Ls) 
Misiiea polis medicinal waters: 2:s1o.s2-ses2c orene eecstont aces anaes ene V, 199 
eMinneapolis water from Spring: 2:02. -c.0--s0t-cne-cec2osseeetaceesstncne tess x9 
Minresita, City sw Aber. .c.cst:s.cssccnc see ekoe mente eset es awe aes e hs code eaeceeeee XI, 175 
GTI ELO TUKA® SW ALC Sees). 5 sce cos 25 sess ronson ese ol oot a om aaa Fe Soe XI, 178 
Mississippi river, water at Brainerd <.2...02.6..c.ccccccseseeeoeseesosesees XII, 101 
AVES COVA CO. ba oe seco oew ssc astaxicshs etn ede ok sue voah wea tdenoe tues See wesc Oe A LL DOS 
EEMEIS COMA CIV EG Saree co oe eases cate aiade eens te ease uae rate eae ed StS eee SSX, 151 
MO MyATitierma ge N CLILE co2eoss acu b5 noice siessteteke eon casdemootese'stobceeevenestees XIX, 123 
OME SS UD SEAL CONE. is nxi oes son secens toeseh tee oesiwest etecion (aes aeeeen case seteeee XI, 176 
CIEE rss eee aes setter, SOTA saa Bae oe ce eh LO? xelxe 22 
OL CMPEIE CI Bese: eae ease sche saws ass Soden ees Se sos FR de ound Dues ee XV, 343 
GEER ALRIO TL VEIcn. cose co ates eae as se Pi occ seve a Senseo ee Mineo eer aI XVI, 440 
Owatonna smineralls prim gS.c-c.2.1.c-.2--sos-eeecncesscnsscqacesstsosececcesotaones PVS Tals 
BICC Mes ease So tacer soe tl et cabs Sachs sonhop po ssascadeh Ses oe asancs Seats woe soe dec ous caat nace nes II, 92, 95 
(EGR BSUS tockesnash Ac nonce occ Doc SOG ORDER EDOCE IRUCOLC CCB C6 nC ECS POOREIRCRERERACe VI, 128 
WIR C OMI Cl BWA COR a dot: Ses sccet ss santa wcdbe scene sbennpu ae snsesetcent yates ise tate XI, 174 
PILTIES EG MOMs cee rnca ee Sots catoses cee setcgsanes se ccvai ade vend suacevtescoasnattetee eich Te coe VI, 101 
OUP HY yi LOr seeder ct cance tates ds eden sees ssen ty ciocsecnne st XXI, 58; XXIII, 206 
[DAH CEE (Cah SsB aos ecg San BRO CREE CO EEE CUSSED CS ETERS ASHE ere eone XXIII, 203 
MPR EA ANOLE VEC se oe scence c chet sab act sn she noapecencseade: gob saentesiasestie’ XI, 73, 75 
8 ETE ach Aor Saeco: “eS ROSA ICICI HONOREES CEPA PEF Ee ets aE XVIII, 21 
MHAGEZ-POLP UV Veceerte. ce cec cent -oce ones tas dennnar ena: caoe shee WOM Ly Ae NO DOS 
HUA TE ZAP VICUL C set sat iv ace on bcs tine casevsattesdaenectoelesescthoteveieoat borne ttete 2B. aE: 
LOCK SATE Cte cer oat case sdacca nena de vane ce cad s dente eaten eee aes DG ion lal 
Red ihiverion the NOcthy Waters: ct -c22605.2ssen- corso sesaots ocean usoeneeoes XI, 172 
Ren ot SRE alll oF ee Osea ctu. eceant nvntdon ae tucee eeReOeee cae XI, 163 

Red River of the North, water of the valley...................csssecceeeees VI, 39 
RRO CKSPIV ERA W LCEn. © cacecenes otis raeaas teabeee; cans cer sauetiawec sotasetenet eee ene XI, 176 
OCIA TIC AAE Oe calc Sone an cute Said vos EAS a vad so hncek o Mevencde Woscea nck et et eo XI, 177 
PICK MINNIE API OMS eos 5c esencpesrotdeentr-aesnc vosoctsqunsasdetse Paneth tple dst ore re dios DG Raa ly f7/ 
EOC LEPULEGEEOCOMLAIN, SULVET s..<-52- 4050s -cdecenadese doe ote ctones castors eens XIX, 124 
SAP ANAL dy OV ANItGss: -dtsncs<set edie ns stnwes cic cn scdadenwast dadoascevearsscasiieccr Ue VAS 
SALTO ESE CLIN RGo oe Or cos 3n a coaaen donee sone cnencaden eas teeMau cose stiens eodasesdsieded XV, 339 
LINN AED AIS ae Sees ec rc donk a eats dseoedacncte ns ovadcases testbed gust sosee ae XIX, 121 


y: Se 
a 
192 . TWENTY-FOURTH ANNUAL REPORT ie 
vi li (see l) <2 101 bo «PPR ae <n etis See ee ie ee Ae Pea as eo Sieg a oaee OP XXIII, 210 
SIICCOUS LOCKS: soos secs caste, Huoockoe aoe tus cote Soveeaddecchomnakse XT 1003 OKs 
SiliCEGUS TA LCElesace Oost caece=os+ sod <nce oc onntgetsnendeatee-enart gtr omen nee XIX, 125 q 
Silver, reptited OTE..........s22cecesseesceceee seveeenenecececesencnnsrnncssessseees XIX, 122 
Stillwater, water from deep well...............ccessecccseserereeees e...... XIX, 122 
Superior; lake; watetecs-.2--- -seciecssaonpeceapsspecPartrsaponcese-E-eecee nana XI,174 © 
Silica POWELr....0....sscscsccceccssssoccsenesenronersconeneresenannecceeesnnassess XXIII, 211 
syenite-granite, Sauk Rapids...........-ccccsssecccrceeeseeceeeseesecertenensecees XE Ry 
syenite-granite, porphyrltic, Watab...........:ssceeseesesesseereneeeseseees XI, 83 
TT HOMSOTILE. 2: cray cds bececcenes<cesissxc tees ospanaseteacarencmatensses cove tase «caseuaeee VIII, 166 
EACONVEE........-.0sccccecscseecseseesenessvenescessensssuense sper seesoscocecoss XXIII, 209, 212 ! 
Libanilero USAR NEEL CE ls. 22. «0.008 s22acaesdancseacedaPyaeds cnaeremseet esevek saaale XIX, 123 : 
FALTIOUS SUDEEATICES <2... -3>-cn-no.-2idecteeoceetncusag ae ate ese are 1VoA0n8 3 
WHEL LEH MITEL Al ace soe ceo ssecea.sa esas Bas LN BY Cokes eee Scan Nehe XXIII, 205 
Winnebago meteorite..... = ued ns tone eaialts ere ee XXIII, 207 
Chemical precipitation in the Archean OC€AN.........eseecee+ cesreereeeerseeees XXIV, 73 


Chemical series, Nos. 1, 16 to 30, II, 98; Nos. 11, 12, 13, 14,15, 30,31, V, 57; 
Nos. 49, 50, 51, VI, 28; Nos. 52, 53, VI, 101; Nos. 16, 17, 18, 19, 20, 
21, 22; 23, 24, 25, 26, 27, 28, 33, 34, 35, 36, VI, 128; Nos. 46, 47, 48, 
VI. 129; Nos. 49, 50, 51, VI, 180; Nos. 55, 56, 57, VII, 33; Nos. 58, 
61, 62, also Nos. 63, 64, 65, 66, 67, VIII, 151; Nos. 69 to 83 inclusive, 
X, 201; Nos. 84, 85, 86, XI, 171; Nos. 126 to 133 inclusive, XI, 172; 
Nos. 137 to 146 inclusive, XI, 176; No. 147, XIII, 98; Nos. 148-166, 
XIII, 100; Nos. 167, 168, 169, 170, 171, 172, 173, XIII, 101; Nos ‘ 
174 to 178 inclusive, XIV, 346; Nos. 179 to 193 inclusive, XV, 423 ‘ 
and 424; Rock Nos. 1235 and 1236, XVI, 177; No. 212, XVIII, 21; 
Nos. 194 to 216, inclusive, XIX, 121; Nos. 217 to 248, XXIII, 203 to 


214. 
Chemico-microscopic AalySis......-..ccceessseneseceercenesnentnnnrecesececserereneneenses XIX, 12 
COPEL ATE cIS ARCS occs choc tesco sctocescosebatedetepoodveet des cesenets «tess anmeysdee=een ee =aeanem XVIII, 128 
Chequamegon Day...cecccscccsccseeesersseesseeeeesetessseeserssecsectseeeeeeeeneetnaans XVIII, 128 ; 
Chert beds, Thunder bay......cccccccccccsssseceecstsneeeennersseeecseeecssesseseaaeecenees XVIII, 136 7 
GH Set er, As dy sot sic vans voscahcanebanadpuohnacnsesapetebar senses XVII, 87; XXIII, 142; XX, 114 

AcknOW]ed GEmMEnts.........cececeeeeceeenereeenceeceeeceeeeecaeeeesecsecsenenscasaeanaenns I Sana 

The iron region of Northern Minnesota..........ccecccsesssseeeceeeeeeeeees XI, 155 . 

examination of gold-bearing QUartz.......ccccccceceeceseeerseeeeeeseeees XV ae F 
Chester Greek beaeltcccciecsdeheceopvectadeakenes y-dvevden coke tqcsqsasakat seus Sunear igen maa XXII, 62 = 
Chester peak.......ccccecsccesssrecesessnneeesssenneeessnrscserscensaseeesensnacseenenensenenney XVIII, it ¥ 
Chicago, boulder ClAyS.......cccccccceeceeeeesssssssseseeersesesesseneseeesenenerenennenenens XIII, 151 ; 

WANLTIE, e ecb scjp dackccdvocecrcdu tes saetsccscoty sends deleaeevaetn ton bcet sn Caq0 ene inmmnnaman XXI, 123 Pe 
Chilhowee Sandstome........ccccccssecsssscccsscscssvcecsvececsnecesssccacscevesssescesceaaas XVIII, 104 
Chippewa Piver..ccc.ccceccceseeceeeeseeseecseseasensecseeneeseaseesasenscaneaneeneaeseneaneanaasnnss IX, 243 

PHBANGSLOUGE i iioiesesctesveseeusaxcarsamas ena seseneeaenenscensseeneesees dense siaei ea eee xX, 52 : 

Chisago CO... cssscscccccssseesenseceenececesesesercsnnsaeeeassecssncrsrssssceseessesensenaaeagacsass XI, 133 4 
ChlorastrOolite.iccc.cccvcecseeMevocvsdscevesooserdiusacs onus Civerddsedueuds sue vevdens ses aap na anenEES XI, 23 : 
Chlorine gas in MicrO-Chemistry........ccccceeesceeeeseeseeseeeeeseeeeeeeneneteeenenens XIX, 36 
CHoritic SAtES.i......000-seveccccsnecevensevsccccbscvscocedevuccsauescbesaesessscssbnse XVIII, 112, 113 

GOV ISER 2. .ccssduccdccuceTccvertaces csceuechsddbs Q0uhescdthdcvissonscheeielba gins SaiiCareamm XXI, 23 9 
Chrysocolla ....cccccscscsscscssesssscssessesesecessensesensesanecsersseessseecessensenanasnenseneneny XI, 23 i 
Chrryeolite ices esersatiestecilossstsctvanseiessncbpbadhorstencsbastngneltatincnsesas clings nasa XI, 19 


STATE GEOLOGIST 193 


ROR Rr retest ie EC Rst Cae ccc ren ctactn Sh itde cou skies Sua tanuvcanerestiestecaeudbassceesuee hosts sate ROX Ee, 
Peery tsb Le CO sere ctEs ones stasis soeecsecedecer ss Bantactevcvenee & sueekauelestoetens XIII, 143 
Ould ers iiisct-csnccsc<adesccdseccatsosnce saudi tacraderatedgausaaar esterase? tae > GUN salx0) akept 
EGO ncOu Mle si teevevetestevet te seria cee ten ce ooe fete Sass aeadee ea XITI, 154 
(SECLCM Salute! CO’ INE Dirsscccde cdostas Macese ass sssone ween cae fevene Rissa abeahewee XIII, 156 
HOS © Ove rate cna twoss pikes sbian socbese saa oneuchewecnnenites nae Uavecienedestsueaeaneates IV, 106 
[BW Sratn Sy oyna % Cra Re is ARAN A Sree Aco erste ees ee Ran Ane ee Pe eR enna V, 174 
IN ears Wales sa saeca st sosasdecessoake- Sis sutve sooo matetes eset seneaeune eS wockenecoee SNeTM Rl 4 
INES PE KORG dbacicc Lisson on OSC ORE eR ETE Eee OAH et aA aa A eae er OT II, 209 
WGA @ 7 (Clohoh a eet acedes sree Cane BP her Bee oe een ERAT, APR XIII, 155; 164 
INWentir Oar) AAA ane eae cea ga are ae RES A IOS Us or as Cea A II, 207 
PRE MVCN Or ceies cnet gs Mouc <coave suc docaaneeatcodassescateassaeers oc otha pone tacdeeeeies oe VI, 44 
SSECEMM CE Onecare reste eee cence tn: cote Seigle ste set SERRE RMT? © Uh ae IN AEA lI NS IV, 113 
prea SAS A ECHE WA MR 3/0 28s. cls ebeace at reese Ae eT cats XIII, 158 
Clays of the state: need examination............... Aodoc dS oncCRC HOGA HOABGO XIV exit 
Gleavaresplancs, distinctionan Vermont. s..2-2 ccc ceotee cece ses <0-dece se neces XVIII, 158 
frequently, parallel. with; stratification, 2.202202 -ctsdsssscedsechescses XXII, 12 
WN atte MEC ML UK Ceres Soccer eee ca och sescuwnseeuaesee we tea ore eN ete eoctae ee XX, 40 
SEP A OEO MEY © OHSUCLES <0..502.Gotiesonvsensbacdatdtywrseee a eonen sabe sice leseNceeeeae XIX. 223 
AS Meade Pe MO Tt MEL Ma NII Sy, 3s aa2295 ceeds vend ccevevtessacsdees tire eos odio aa ne XVI, 139 
ROT ceetaesrer Pa ae oaks Sa seacd on wtoaasucte = case dasaeedosatcs ae eaveceSeec ee eae IX, 275 
(Clea GSE TAS tcpsce acca Co PR ee EEOC CEEE ECP ECRR Con rec ae neon eerie mee OO 0 SL 
TGA seta eee cee sain nsiaaecenee voeracsanenwesecscweceracoarstasmaeecontee aoe ccce eae XXII, 145 
eiromb tne ate Ta Wee es oo sce beast ac xen de vevece mtawapte Mains dota ts See: Oe See: XXIV, 128 
Disa eaedst ACKHOWIEE SIMENES. «cc. sd .us. foce-sdeocesendesvas iovescogstiielesantueetee sens Date) 
Menaitons it © MUSEU iis.K:.Jcostisbe esos dancerduemok onus dante oe AALS 
Coal: 
CoOmwoodiavallleycnstak etiiserssel Stee ee VB lay 7s 
RCE OTMING OF eu 0.5. crcu,vssavevccnbwanasssec avs ctac tease secede aa atch Eee III, 157 
imvesti¢atians fotin {Sauk valley... 4.5 cs. cessstect obo sacvests eeccdolne XIX, 200 
moOtherm WMintieSOtas.c:..0vess-srec>5ec-seeete XOXE 1.7.9 XOX, 30 XXL, 150 
probability on Cottonwood and Redwood rivers............cccccceeeeeee POL TAS 
IECIWO OC All Sosa ste tecteesseed covade ee easadsessouasuassoonneunene II, 188: XVIII, 94. 
Shee (PLC 0s RR eee A ROR ue ee PR ee Ee me a iN, aa 
EA waht WE MAMCSO TAL stew so. seterteocsscoscuuu seed sivecetsss tance Ms AR IMS II, 201 
MEREUIMIINI cis (RE LCOTPEE) 2c: ci Coo dC S. oe bec vav tomes suet oven Wededalizeccecensccechocsacche SEX 2 1S 
Coastal Hrofiles (Lake Superior): 
PASTIME) set Bopha cet setigay we vases shivche woe on ae save vote so ssuasnc cut scouted ae NOK 222 
ENSUE ALCP aware sec senetee cnc te eve anrap ovina PURO a buaitsvonstenead nous eda Rar oe ER OOS 
TEI a EV Oe ane Aran glean eet one att dO WR emo pee at ea, 200 ee XX, 223 
Bema trea OC eat cade sercaee<ae vente eddvorsuct suai ote dtva seo uet de Wk Pee ORE DOS 
GES TeARee Oe Le he Bie ae Chee ae 5 Re ee ma ote WoO OT iyo XX, 223 
UU ete enee ns <eentinn 2aens tear oneneseatussyacccavs osatlencnss cessed Meee Ceuet ST ROX 223 
J ESIC ay id iret OY) ceases Sen ee eek eee RR Ty RMS aay XR, 223 
Bae GUIS rhe ser awe ahtkn Se cckces ce cticee see Uakas veel ees tacecteks Soon aed ae MENS 
BAUS tenes srves eee ce anee Ona se Parks. sas Woke meee Pee OK No ODS 
Ree AMIE ASORGELO Us sraales da dance tsetse sd lu.c seh das snd deves es isessucdaseeviocs eadembtee coe ha le SID Be 
CRY EAL est OL Sete ete renee eee Cee nce ame tect tle ahs MRO RGIS Soak: ul eat y Ae II, 193 
PRM gg eras oe ce sruces sree sere cry sae eoeedy drce-d-toneeke austasand Be eee oa Nestoet teen oehincs UX ADS 
(Gia San TOL eadae SORA a tee Ce a Oa Pe aR Nani aR nea Es ee tn a A oe XVI, 54. 
Eins OMMCEW Els (MEIEGTILE): 245 2<1../+<0000-.1sdaseveaveduovesctocausoedeacieetessecceet MEX 73S 


Collins, Edw., regarding artesian well, St. Vincent...........0000csesssecoeeeees- PXG 64 


194 TWENTY-FOURTH ANNUAL REPORT 
Columbian Exposition, exhibit of the Survey.................cccssssssesseeeeses XXII, 201 

tests of brick-and building stones:....c.25.--2:S.c0ccccocssacuceccesescce XXIII, 218 
Commonwealth) mine:.).2b-o-.-.s0s---2s-0r oni. pete es bees XVIII, 193 
Common megascopic characters Of greenstONeS..........cecceeeeeeeseeseeeers XXII, 22 
Common microscopical characters of greenstOnes...............cseeeeseeees XXITI, 27 
Communication; Means: Of .2-2u:c5-..cs-0xccasses pesky eestee cet auvs soa eeet ae Renee D.Q\\Gne bes’ 
Comparative nomenclature of Minnesota formations.............ccccceeees XXI, 4 
Comparison of results reached in various places.........ceeceeceeeceeeeeeeceees XVII, 68 
Completion, 

of study of northeastern part of the state...............ccsssescccceeeees XX, 206 

Of A PrepatatiOw. ..c 7h... c,-csespicI-cnooe saeco Copeetenneteoeel eoeye>sbeeoe aaa XIX, 25 

Of A. SUL VEYies. secs cok. oateaes anon cone cuasteosds te cus Seas eee doen ccoas eee eee XXIV, xvi 
Compressive strength of Minnesota bricks and building stones......X XIII, 218 
Constock Ladesa 5 et ei pele ena eee coaster epee ceioe shat hag ee XXIII, 91 
Comstock, C. B. 

Latitude and longitude of various points in the state................ IX, 384 
Concentrates from: stamp rmills:... sch. d.seecess tacecsccns-se ashen sence estereee XXIII, 88, 89 
CGoncholopital Motes !si..o8 si d...ctecesdeeoccdcnsdecnss abtte sce sotee assy ate cbse eee eae XIV, 114 
Conclusion concerning Mesalbi One. -s...5,-...000+see¢e-0e seams oe ee XXI, 143 

WMUSCOV ACOs: asad aeovnclcnuvessncdbssensgcs een coee- wocse pen ae care ee eee XXII; 152 

Potsdam PESO Mx. oecc lien kb. bes eer tneenscczseedsresee tees hee ee XXI, 109 

of report on Rainy Lake district. ....5..... 0.5. CL asncsase, eee XXHI, 104 
Condition of'Geolopy ine Minnesotasiertt:-<21.2.-c2-20b «cance -es-nob cos veseeeeseeeeee XXIV, xxi 
Conglomerate, Houghton O8%-9:.0.......cey-pieeviss denesest ny he XVIII, 90 

Whitney Onis as. 42.3 AS Sek eas ee ee XVIII, 141, 142-3 

WOU BUG, OTS 525 seach a recas dete ep alee oo nae oo aCe na ek ee ee XVIII, 141 

(See slate conglomerate.) 

Conglomeratett 2ne1ss. 55. 1. ists vaac~sseenccs.ctotn <p teaaose meee bee raaeee 97, 11832287429 

in erystallline: HOTIZOMS, .-..2c.caseococtes tacosseesssescea<nare- steer Seen XVIII, 185-6 
Conglomerate, of greenstones......... ned daeSehaRe ae ea XXIII, 33 

of Jackfish bay, Rainy ‘lake............-sc..stsrsseesdeovsduses-curasekeenenee XXII, 65 

Brack witht @i.i5.0, bate weseveus cubes sovebes op devoopriss ete coe cheee sea tcas es ee ceeean XXIV, 34 

OF St. LOWS Fiver ype. c hosssss Ate csescatvevsans ote coe ca XXIII, 239 

OL Stun tz 1S] ANGssks sce. rosckedoonesoe sescpscestospeesassesestee hes eee ereeeeenn XIV, 4d 

Of Shoal Take. 4.1.5. kcccvesessswoscevecscuecenccvcthevnch ebomscestosbevesess pEse eI an EEE 

Tarylots Pals scise. ocase>-snncess sdecns sctensvcccsnete vue sezare secs eae teem XXIV, 44 

ORISHIKE. «cis t.costcuotecfavenuss setesteee enaeceee eae eee eee XXIII, 17; XXIV, 48 

at Kekequabic-lake.....t....0....-60saevavestssoysouss:uarsvvans n eeeree XXI, 27 

Ovishke, Gee Of. 5: .0010ies.scvisucsess.seFney ease teresearocielysgiv ieee XXI, 28, 32 

Snowbankilakes:.: ots. s5<tscannce oceke theane Cette sare lee XXIV, 48; 59 

with matrix of) jas pilytes.....de1.....ssvecssstsscbdse>ssseuncessbeereeenene P.O. Ge 5) 
Conglomeratic, structure, 

observed by. Bi Vs Winchell 5, 20.0: dc isgcessesteotecnessennsendeghaeeceame XXVII, 145 

rock neat El ys. sss2. sveyosespncesb0ces0s050soseeb Fagesetouds unk tea Seite ata XVIII, 138 
Coney FOrks..cccseisscs sagas sccsysviny. cvaves taveveancesdvyseteadsst thu ext span ch Steet nnn XIX, %3 
Contacts observed bw H. V. Winchell... 0. \.cciscssisst.osvucndceucseensenaastane XXVII, 144 

OF Sranite.... Moss. 0sdpoeranss-cohdonsdvgnshvssasasteniaays sks bawensinenoinee aa XXI, 387 

two iron formations in Michigan............:0.ccssssccrsssecsvsserevsee aly O9-OO 
Contact of Huronian and Laurentian................ XVIII, 122, 124, 130 note 135 

ELSE, B81... sac cba senions mans teaney tensa ba giesegh ab etl Se ae XVIII, 151, 152, 154 

TEVA ONL. ciccsccnonvsseviuecsesevksnvuh ensp ov onarsiuenlls ea as Aon ORAN eee eae XVIII, 207 


TA WSO Osi ci caevs elstevevs counentceses as vaisscanvestcn tetra eae XVIII, 212, 214 


* 2 


—_— 


STATE GEOLOGIST. 195 
MERCOM OMIA lereescn.conecscnenctesae ce ete testa ccatoescs econeseocaastusladtders sex XVIII, 135 
RAPA EEEASEL EE) HI SCCM TTLLIIE NE cat oe 0 snes  aaigoue ove oar Cenwas sh conceysovedis vse ce ccbaacoes¥aes XXIII, 38 
Contours, Coastal: 
PALTITTFID Cc TepaEe HOWATI CEs: cca nsastsse< Seas covecetes ses scavuc«dcaceaescectvavescucedssnscexs XX, 218 
Archean he Mad Goeete one tesad toess aachcbaste dedeusagesaes sesesse seis lates ei OO MOMS 
Eta eames ans Sh eet ten tracs canst suede ce sos eate aut doawaviskoutevau Revers ieee: XX, 221 
IME WMCE TI Uiis eLO WIN CEs seceretac duh sesvesdees setae svecee seers ovecsiastaetwesteck sosace: XX, 216 
Potsdam + PEROT EEOC FDO En COR ER ERP OAD 
SHpGtl OlGUOL Ee SHOLE:<. ccc :cce--tets-t cect orice ce tee seus sbesduaseccastesedecosee LD 
CaO Cor centaine CrAanttiG ALCAG 101: ..25csse.cccesaness+-ccosscustes sda ie,crestaseeeee se ROIS 
PLO MLESTACLOSS sees. v= osvet- tee dak cast cos usoecactwnncestecacsuccscacoossheees cout XXII, 138 
Rea G MS MHA Fer eCOLUISET 1C lino, 29- 9:5505-23.05<g83-00-ccadeokoenecddeae aceoa dene sseecoarseeesux XXIII, 39 
Minamettowtiin (NTELCOLILE) <.cc-GreccccescocistcacecetecaveccasevetsotesSonetscauees irene sess. XIX, 178 
MPMPRCEM RECIPE GCS omc Nas acks 0. clas ssevascndes onechaas ann savs oteenase soaet sees eomateeastaceteed XV, 342 
EERIE REE MOLE Oho 20. 9-25. 5, <one 22s avoly sons Sevate anise ndoaneahnc san SostzgascaePe can XIT, 122 
Copper: 
SAMAR OIE cee cone tot conn sn cnnd seta, one meant seh anesea Aivmsatrhe teres a2en acter Sonne II, 205 
AMLOW AK Gs SUPELl Oly: ct; coseedeveelvecchenceeeececscoseces ucGu cscs setae <ceoMearese XIV, 319 
EEXqNOTAELONMS e202 - dase asc sncrsds pavenccueevacetecsdocseeteascnteer ee itesss tess XI, 129, 135 
GISCOWETY? OlrMINES3-.020.0.cecccss0s+-nes dos oseretecevs sottocweeanacsuasaes casters XXITI, 124: 
eal enitelte ts Soest. Se sat cosh cc seg Re ace voce ees cuneate sorte hers v eee Oe eos sack tee Wat, vale 
HILO RE REO: eee aocs ceceetes tec cite cdecocecuteensaeseen coment eats suctee todeds acdsee a er ati 
fipeneWMontatia Shatt. at A OwWer:c-ccs--.-2-ceseos-coorseacacescossseees MO NeIING y LO4.- 
HELEINEI O MM OIVer|CSTILES toesctoresateccc-e scp sone sstesceatanss psa sesett coasaswereee Xe EG 
RAAT CLOMPERS TTI hoe ee eos see sce R oat cee e setae Cae wae ee ae a e ee eReRE IE II, 129 
ESTATES aa as nes ena Dl Ns Lh iL ee ee ee D XVIII, 52, 53 
MATES OG lav alll eyes. senso os se oa sens oe See Seat EN ooo Moe eno Toa ee Soon TS II, 209 
PUEMISE OIG MAUI PR OL: . seco. .secetscss 4st. nce ote e Senadoscsodceneccss chasms ease XXII, 117 
civlOteS sPralisyanid wi Gitiitiyy-c.0sc.22:cnsssotvcceedsedctsceccosscesscceeteiecscsiee SD DAUD Tl 
Veit Sen (Live VUNLETI Gi) bccoravolshcccccssscondesSeeteostae ct wsascees acs tecsentovsceace XVIII, 143 
Copper-bearing rocks of lake Huron............0.......00 XOVIEUI SiO 24 Sorel bs 
Cipla eSS TEL Ole sere sveceGserses cases seeessauets cooteaeee XVIII, 126, 135, 138, 203 
lOW.Gig SOUP! Ole nap Pebe GCeSChile Ger. 2.221. cnceastaceeeacc.ceveseeence XVIII, 136 
ASO lAcCCOLGH ) CO, WMI EN ence ete otssaecacckosec stances ceacccoeecceuses XVIII, 140 
Mad evAGIStaN CE Sy SUE tss.c.o.ssecessre-cesccsae ten cce os des ouak oe one eeeeeashose XVIII, 195 
(See Keweenawan.) 
SSPE tall AS VEIL NE OM sedans acetcecacastersatesceetedccessnees stuavssccwcemwententoeos XVIII, 141 
Wogoienl accor. rn. Ueerel ees on Ok ata) ee INANE OE Sel ree XIV, 119: XVI, 488 
Cre irae TUOTIS op acco Sate ica ae BBE ERO: CEE ROEG Eee Ro RES SRA One eee XXIII, 150 
ROR ESE te MONTEL LAI ee see een er ete cee cee ede neue gens te A Sat) Ue ae NaN IA XXII, 146 
POs Ole PONG Iii Geese as eiencctsessaccsatonseee canos Meet dn rassece vesansedeuemete sete XXII, 92, 105 
WASer OlReMe: GEOLOPI Calls Sty Cysts. sk. ea seads se-wesee wisi snerd ace use soecaccesantecesses XXIV, xvi 
STH TE GIES DEA EEN IA TSSIE are ate Be ene Ig Pin 2 aor eerie ee ae Ata ete ES bh tae II, 194. 
des Prainies——a placiall moraines: ccc. -200---ctese=sncatesccten seas -ceacteoe aes IX, 314 
dapMussouni—ay olacialimoraine-..:..c.css1.s-de5-cccut «casseese-vececa-eccesneee EXeS3Sit 
GesmecainessGlevavlOnl Ol-.c2,c..scsascost sce stesss-ptleoceseo tue sstoouees ec eesees X35 S 
REO EEOMW.O OCR A: ClESCLIP ELON Ofer, ts. .sent'ssaqecscaccus cesenecdoveveasstccebaet asec tecsscos IX, 244 
SERED WOGE COL SHLVeyed: 1Of: Pedi s.5.-:.c.cc-n-scesaseoastuther ssp): daaedanara-h= acess II, 88 
(SCENTS VW Is ee scee BoE SR poh AAR Spe DEEL Re eC eck OAS XXIII, 150 
SE Gutemichineg / LOCKS: Of RAY LAKE. »<..520.50s<sdocccechscasesccecarosstpessvesoenses XXIII, 62 
RELATLON SEO ORANILC sos ceetecdonscee-cdenercscsbecesaetaserse XXIII, 56; XXIV, 1,43 
LElBELOMACO MNEGW. bills soca essescasccncesnasSesevecseseyscsades XXIII, 63; XXIV, 43 


196 TWENTY-FOURTH ANNUAL REPORT 
LOCKS. race coceet ae etenee eee ke cote ne te toe ree aa Ee Heenan ge Phone seenoeee XXII, 71, 121 
SELIES: coos sce cesnoatebayetecsnecnnstiecdstosaiesecee ac wUstea tee, Mos ee cewe XXIII, 214, 216 
Raavte ys Neth eye face. nan andres onee=acsensospee- henna reese aera teceaee a pene an access eee Xs 278 
ox squarry, Postdatn, No... 2. 2)5--ccesamepinan sep cneetee conse: yy eee XXI, 101 
Grab. Lake: 0 A Sve Se lee ORR | 5 XVI, 316 
Cranbourne’ (IMEECOLIEG) 27 was. se occe nae ce coc lten ean eee tee Pee ec cac eens ate caus iene XXI, 178 
RSE GS AAAENE, 2027.62 ancoy samen aracn-atbave sk ide cee cae ev mace terme teeeteatease ores ae eeeray ane XXI, 104 
i etarttds At Se. Jeter AN ho 2a eee eR te XXIII, 134. 
@reditside of the Geolopieal Survey.::-222--cotscesrers-scnee a. «50 -osds-ncnesoe se eoee XXIV, xvii 
Gredners EH... Cited c.. ck escovsb ook obo nesscouae sverecovsteeceamsavaccastee-Dteoen< ae XV 455 
ELEM ACTIO LOGS nae ve caceecctee cette esoestes ch daccasdoesty tentaeees aonae ronnie aes sneer ces eae XIV, 105 
GE LETIACTINIES «.cccccecoee coerce nck base ea cece eee cee eee eee ee Ro nee ee XIV 1072 
rere Foray ge Marae 20) 2 Ve ae oer erie ro Me ss i, Ok pe a de he os el Vein 
MET CEACE OMS ios sceee. ceap scores areas ten oscar e en once acer ont one annn een neste ee XXII, 26, 99, 122 
conglomerate; Virginia...............--...0sss+0+- aR RAS hs XXI, 126, 128 
Deerfield: ‘Steele Co esis: ks sccdecsettac esse ace orvesecdovcubeetete teehee eee IW tt? 
ExwOSUres 26 AVISEI1) 5.2.5.5. ccrcr-ntesoeeteenenececsacaueysaaea=t-<di eyes eee Ill, 174 
Billmiore’Qoutitys..<0. .c2eci..sdist-s.n.ccoeeneedece se Be ete we IV, 56% 
formation in Sank. vall@y 222225. A soticcans dons eteacosaeecenseea teen XIX, 98 
SRCMEL AL GISCUSSIOM 205 cncve-nenconcnnse corde surhecnr sue aenteeeecesesserrgresteaaaemmam I, 109 
Petit epritt Oo ioe. ac aenccan ence eee stontceneg= sep acptess aan added pena ste V, 152 
LOAVES! sco ces cece nen ete sacos crap tames eoateoteoszsc toes coacnsen eS iecndacee eee eae XL Set: 
lignite, Freeborn, Freebort CO: 22.0 ...ccc--scensceocptnarcbonrrqnasseeegeeeeaeee III, 157 
Minnesota walle ws. -ccsccnoos-casce-s-tonestssesoceoachuctoserncsraeenseee II, 176; VILE £67. 
Olmsted Co: Aik ose ee tiled hate osc seonanen ce nese sedenecen cs teeta IV, 92 
Rich mn oe. 2ccod.osso boss eo cos sevnck ceodosscesthe seescpees eee ee XI, 35 
TAAROS). scay des sea sernnbeossadnuuecephneaneceanssuserr nawae tcp nae eee ee XXII, 100 
tinder the Grilte. 2852 aes aos osc odesonccnscbochscs snubs coueshaeds 0s -ateeeeeea XXII, 29 
WATIOUS PIACES..0,5..-2sarckapssscasansenescanmapsqneaecacesshal ear tees ans gene Il, 176 
MATA EMCO, ano cea cans coancpeonseneebnaut sna pencen ote op Saaeoneten deeeean eee VI, 43 
not geographically discriminated...................:::0sssseseeeeeseeseees XXIV, xxv 
Crete, Saline Co., Neb., Botilder clay 4.0... 25. 0.5.0. covi tans neshes tne ee XIII, 156 
@rdoked? lake: jcccoiccedectes se Feepeaw scenes szeee oss cok ae coe stenaedontaare XV, 110; XXIV,128 
Crosby; Bs W. 02-6 accccvecseoonsudeasscccesessscsvensensce tee cntssessdebon} Beopnecva'snvelVaege XXIII, 146 
CrGS8, Whit aG. 2505 5.20. aparece senceswespaspioe Duscels nasen senders cade aden Naaegeet ee ana B.S. eas 5 
CEO WIELEEK coc: bi dicatabe sees sense cn dost ae oce ee bec ane tpapectes conan sane p tebe sete eee aan II, 166, 187 
Crownitig iO VEFHOW 5.2.5. 5ccsccssk tenpagpsanccecnaptanoatakndaeneahatunpae nanan XVIII, 137, 204 
Crow, Wig FIVEL.......5.c00cs.csesestnssnsoctessedssusancesthesgescoscvassephpsnscRpebseuevaeaaaay XIX, 220 
COMME os ved nnnncecccupindedescoensatvuntsuuenewantenradepedtent XXII, 19; 20; 26,3 
Crustaceans, Article on by C. Li. Herrick. .0ss.14.0.......000ecedcsosqacsesscunusnnceneeaae V, 238 
Crustacea: 
Of the fresh waters of Minnesota.......:::..........:ssschesesacesrequssseetaeeee X, 219 
final report Of MAinneSOtars:......5...0s.s00s-s0secsevescsessseneavsssoktatee tee XII, 28 
Cry ptozoon MinnesOtense........scssserssccrsccserescsreccsscesessenesssnasecrsassasseens XIV, 313 
Crystalline ROCKS......cescsccsssssecesesssececensersreesessessscssnsssseessssnscseeessunsesesanns I, 42, 64 
ATCAS Of PTCIGHIC.,<ccs:s-ssnceoanssovasecdongoasetvensesuuoncsveeybeseets tai suaNnumannn Vee 
Catises Of OI GI: s....ccclssseccrvestcssehscessspeuvuponavcassseueciss sneshenet teaanmam XX, 25 
central Miunesota, Uplariii......2c.....sssesn-ssasoovestohevetsusenstens tanem XI, 86 
distribution of the Laurentian in Minnesota......c.cccccccseceeeeees XVII, 29 
determination’ Of minerals ..c.crscescascccosssastvvvcnsossonanentuvnas (MAnSOERRaMe XIX, 54 
TEEN. civoans up cdaocderiecpdsconteaven cus deabv ck beaaneWansaneceotapite Coe teniceat satnnn—m XIX, 115 


CATVY VIC WS....cccccseccsnsonsssecenccsecsenconcssrscansnssnsasssansesesascnsassassensees AVID e 


=~ 


STATE GEOLOGIST. 197 
ST CENSEOMES LONG 1ME Olt. .7seces<ccorerec cess sess set evetesussecets sebesteeceest XXIII, 4 
RIAD IID) Slee sesrsesen aecec ten deadosset set cScc ces sevetecs coeveccactethncsienctess tent ti oetnns XIII, 14.0 
SeMmnmlesoranowestreno Ande KlOOS) c.cs.:\ccccesssdeaccocees-sdescn bees sesencne MI 30 
INMIMETICS Oibaltcsadas -focece <cccescctss senses ccvanscateocosedbecoctactesccorccsseertbaesckn, ONG) Bxe 
Malle ytuesecrecttees code ite nec co rseteteeec tea vudcasvcce sspeeh baceet cue POWAITH Be 
NAT SSISSIP MUM AM Sonat rencccoson: fe-csnceeroceucasromet nae stencetar ssedtcstorcestcduns tee X, 183 
BA EHEC BOAR ISSIC IL dst ereed is «<1 Javon donsdecsepasat fabtes as'stvees pesevaghen vee oiaca XV,176 
MCC MC BNet IWwEStIS ALI OTC. ccse:ctht.coscaresecseh cose ode neasseceeheneste cee XXIV, xxv 
ATONGELNW ESE eee da oc esas cw oes sak ote oss sceen nae dacswosece coe cose ado steceaentewedesenaecn XIII, 124 
COMA oee setae See Sse cscs cove boess sessse's ohceussecteemmausetecteene incest eaests DD A oo lea Us hs 
PO WLSMISMEMTI SOV ECs. cse soccaes seshsns see <sevecestredec (omen ect tcssrssvacecteee on. OMA IK) 
IGE LESSmT EM ENESEUG Via. 2025 -cc- 020 cdncre e oeeee ceadeeccee seer. Snicesesseeertce XOVATTI SS 
PLC ELON ooo 2 2 ton oa ache ss thet dorsi cosaasse het aot eden eter seta. eaescerd eters DALES eal) 
eeatZ-pOiplivags, POSSI le O11 itl Ofsers sp deste ceaseosesteeesoesee cee eee LOM ik 
BESUIESTOL My ESE CALTON ml SSS.sccss er ssoteet otecnsche teas secasecss- XVII, 28, 66 
MCUTIKG © OMUEH cess ccte cots asecosas cscestcedo un ot oneeaesncttedateaee sce doos XIII, 11; XIX, 95 
Se MMenMoiVitinieSOLA ccs.0scecacsvens tose eee oceania toes corsa as ea X, 184 
SSMU ITE SIV Glatesveancs sce Soca isercedces tosteet heceede tease eet recor into Pensoe eae XI, 36 
SETA AO Ny ins suce= s2ats oe seo daddnastens ovahace sateseeusesosaeaayetaseeecteesse wots ome DUO, = QE) 
structures and origin, preliminary considerations.................... ek Sn aL 
BIT MGI on aa ciece eve Nias sees case uetac yetndoa sets smacestocanet deans tesa esenost XXII, 2, 36, 49, 50 
MOLES FOMENEe PCOlLOSy Ol lLASCA COUMEY 2s. .cad cach -creesese--s -nete eres Ne ley BONE 
MSA E ype eaee ian cos kat ciscecene veterans cs stectne teen enianited bale WRI. wesaeeu beScueeti ees OCI 
WeeATNG Ae SULCCCOTSAEA «1 5:.2..cccsvesecnsrsabssdectetsoseoesencedtoasesssdeseseeaets auetteese XIX, 248 
DEPPOMERENISESETACS ooo gsc ocnccb iocc-baastesspcderesnochoussveckth ctor cnuncaninosatsdsteaocses XVII, 137 
VERT ET ENO Usa. ce- 2c tanais. ccsebscesaset geese deat one toe avnceuataa teen estes XVIII, 142, 147-8 

(See copper bearing rocks.) 
OOP Gal een n Ne Eo cc Sos cco Les in asus vs oasestcbondvcliesecesab'scastees oe Sscceuebbeeseeiseecey setae XT, 16 
CrstersGennG. Ay wAckioO wled Cements tO...02--c2-c0o-ccokseacoscevetecsetess assets III, 141 
a copsmounew (Cal Elerick)) irc. 2 icecccecccaniceescsscenisnveteiecistcadtcescsstexsscetecss V, 238 
Meare ei ITeIm (MIE LEO tl LEO) ese ccsseecs veteae sescce svete senede Mentone Wass seocese cde este sseee: XIX, 183 

Cypricardites: 

EMT OMNL CA abe ecco vesces cease Meassonsteccasse setite we sthecsncasescte doseseseeocgveseots Xe 235 
EGMIATAM Sitcencc ste secs ceo tetesa eine a tenet su vecnsmassitecas scerace ncusestasarttereccsts XIX, 236 
£2) 1G! MSs ASP Sa. - epee beens oe ic eset cence se ee ee Pac Berner nn Pee Bae SAA XIX, 234. 
AYIA ISH pe ALOE co tosc.cethocontesdeessetswec cose ties ns ct tn soeetecass acsecceat XIX, 240 
TAPE ENS pee eS RER SORE SOE CE DAS NORE SSR GUE CE CRETE ERE ECP Ce SEC LE EAE Eas aa MTX 239 
NF EUTS OED TI Senses eos RE oes rece Neco te rae e sue a Mins dled sate sos ee nan esdsawseestoes DGD Pays: 
SUI GSO Mee oe ee wees soc ee cnc ua Me sereh. Cote trea eaNos OTe TR ee Seok ooeee ee ID VR 
‘UENCE UWI eee RE A a aD a NS Ae ee GR a end RE rr Le DUDE PRY 
MN ey IC OMIT Gay. e etc e ba eeo ce ssc fo ate deeococsceducs ce chatcscaeecctabeccsssticctehut eed ss 9 Orel o, lene 
MUMIA AC Chat csc cede ent orden aoe ns eAd. Uses etoseebeesdiase>cheatanedcsweussiae es cotee¥e XXII, 27, 28 
elites k 59) GOMATLONS) COMULISEIIM soc: s2ec0csecoss-o0sends coos tae Jotuon dies sis ee ceneenaas XI, 183 
Dana, James D....... eaecee XVIII, 70; XX, 138, 145; Pace 42; XXIII, 157, 185 
; Bee M CESS EMAC ORIG 1220. v-5 A aes stein oo 2 ste sexo beaeee ccctoua a Saeec ot XVIII, 78 
CSF ECON PaO a9 ANMG Fe Hola ies Arar A a eR a amet oR Oe eae ee ae DOV TT tics 
WEBLETARES ECU SP MOSSUS 1.5.5, ccc ssecaseec occ sctes se osesettuaeres neeen aes coer XIII, 69 
MOLEC, OMS eLnck SpE EOMOSEDACAL ctieocks occa none cece cee neh ease cde tees VII, 82 
MED ECO LOM Pace ae secon op siee este seacennstaveds = sewsadearcesnctsxercdesesienatases XOVILE WSS 
Nieto Hee OPP OSESp MAC OMIC. cnsssesedencessteecenssacpszaracseoncaectes ss cee cccsetsstes XVII, 77 
NOE USMC W os Sete ee eo B ics eae carson eee sence sscoab aces htedeoeate dun cqeescransese seetaceate XXIII, 138 
MANGIA KC. cs- oat ecezcecesenseets ceca se meas PILE EAT ik Nene ech Ge NRA Cees Ee IX, 271 


198 TWENTY-FOURTH ANNUAL REPORT 
LBS Bo Fc PRS, pn eR ian ren A RR er ee CA ea se Bi eR aan XI, 22. 
DD Ap AIS OMGV ET s..< oressrsecosesecs soos <sstees une seceocen ant oe am aaa pach Cone vere eee gee XXIII, 145 
AVE REG. AG Ss ace occaeceueee dhe eae ces Sabes Sete robs vss Ree Settee ne ceece ee race bs Seen XXIII, 42 
Dauffenbach, Christian, fire brick made by......... ....seeeeeeeeeeeeeee eee Il, 207 
DPW Stal WY siccvetes soc -so ners tose ates tots dey os coreg Gea eee ene ects zietvedacue yates XXIII, 78, 79 
Dawa ss: Wir MEX, :ocaskscstceshosstccesssconasssccgee sete teas seemtomtestteesectces cet. c see eee eee XX, 184 
Dawson, Geo. M., XVII, 132; XVIII, 49; XXI, 27; XXIII, 91, 162; XXII, 37 
Walk e of -theaw OOS s3.cd5sseksiace seseh artes SE ieee eres awe eso S ee Treen XVIII, 208 
su Mmictoscopic stractune of boulder Clayst-.-.tes-2-1<<-e-2-eereeoeeee see XIII, 150 
Dawson} J. W:,.Néw Brunswick. \-.::.s01d-:sestes--ce-veceee cere XVIII, 156; XXITI, 91 
DAW SOM, Se) |incacsscssh sso: sees. sarscsccoceescssamtanrs teaceaceaenapeeneare cna XXII, 22; XXIII, 96 
Dea inl aeG sbos cvs cece oe se sca ee ae oes oa uo ete eect Dave coe aTs oe hee teen Gees ae teaeeee Sree Senet eee tL, OVS 
COPEL VET oa 25c iho ccosth ccetes odcosessnesnadéncssuoboatssvecesores meaeeiescreasetenasacces eee XXII, 42 
Deer Wa ke oreenStO wes stescs-co a1 or <ftoncces noone cubes ceaterraas ccenaseeacee aes XXIII, £6) L8ess 
Dellection Ghplactal: Curteits. «2:....c.0vesestenndsneussevangevusersssovabercepecewe ae XXII, 41 
Della old trie? ..c:-ctsece-cass=-c-s0se-ct-c-Bacaccuseeet toe ecseeboree sas tcon tos nates D.@.G fee (0 
DS Hay Noe Ni poss secs veo ec codec sseecc op baba te taee otee aa tote sew ee Gmeeeee ee es XXI, 106,108 
WelesSses-As. secs cccssaes veceeetanc ves cas gvenwe vandawsean ceases ven secede Meneeemeans Sees enna XE FSO 
DI GLESSIE Cee oh ee rcaad nn odoenc ade ce chan sub nebo seettcel uear esas coer aemeaee ae aCe nance een X15 
Welta@erintiS. a). cosovccescac sete ccs hecacevdescesesavalgeecetvceessave tere Wotton ectas- Caras aeeeeeee XIV, 109 
Deltas and wave builtiterraces:.:<iccss-.c<-cscecusseessadencnoscsesesete nesses eee XX, 208 
Berle ci Ve re eco ioe orcs soen dasosnonvses tenon se sovacc0eSoncact ecto gad dete aat cen eee EX 2ise 
Gravel! Ciweiikesss.c: ccc loccoet-s.vecae scivcesce de ecnnscasuebeaceserosancec rons eteee aaa XX 22 
Grant Marais; : forbs Scotia tec cates e otenae aude eth ate ae ben cue ene xX, 21g 
KGa IS £1 Wiad. -.ces-cee os nc2, deeeerarqncacatenserneertshaatyseeatasete. ataee nan XX, 210 
Miazo atrial oi sc.cacccnckccesccccece ose stssccesonscsenec etree nee XX, 211 
Michipicoten and, PiciriveLs:: 3..<is.<<-02.ss20+s0csss sc covcaseccoseensaeeeaeeeeaem XX, 212 
ING DIS OMITIVEL: 4 scoss2.ccresee=cn sans Gdlecceabebanctisesenceysuoesecceat tedeeteeananem XX, 212 
dD Por at ey 9) 24 co} COR ORE ee SU eee ETE BA Tin Pe OR RE or HARD Bria Bee AG hc occ: XVIII, 19 
elaeial Vales cc: fo: acc cessceorwetpeennerseacatn ons bbe pudelsange pi a-nke-e cere XXII, 64 
\BYerc aye bd s pee eee Ani on LR Pe ie ee BYERS eco ame tot eet XXIII, 150 
Descriptive notes of the abandoned strands of L. Superior...........++00+ XX, 232 
(2.)\) Davktit: Wests. 5.0 s055 son..38 io nepeacestecs savenseoncveaonee sauna ee aiaaaannn XX, 232 
(2.)-Duluth Tenth Aye. East.........01.ssccccccsensssssseoccnsvocnennsnsensenes XX, 235 
(3.) Hardy’s school HOuSE.........2.. 10006. cnscescedonsbesenesh aosuae-seeatenee XK 2o0 
(4.) Two Harbors (D. & I: R. Ry.).......ccccssncnscscecoccnonenustnaseveees XxX, .237 
(5.) “Beaver Bay sc.sssoslessncsecneiacnedesincpucacecse Dh uaustainne a aepupae ana B.@ RA 
(6.) Baptism River..........s.csccccscccsescsccesnccstnntecnnsanecesonseassnsssassneh XX, 239 
(7), Sew-beeth 22. scsascsssceuescoctessyenecnebsateossssSevsunencponsknhasehepsmeanam XX, 242 
(8.) Carlton Peak...scosscongsssvesternoesocrstsernosecsnvedncenysuatesensonteaanaae XX, 242 
(9 & 10.) Poplar River ..........ccscscesesssccccceeessesssccceesecesenanseessssasee XX, 243 
(11.) Coast east of Poplar River........ccccccccccrsssscessserecensennecnenens XX, 244 
(12.) Good Harbor Bay..........:.....scqsecnesecreescercsteonsssrsctyussshseaumes XX, 245 
(13.) Gramd Mar als..........sccccccscsrsecsssseseececsenncasecsesacsesoosensnansvene XX, 245 
(14.) Kimball's Creek..........cccscccccscsrerssesecsscccccnnsvessensecsecrenonnsans XX, 247 
(15.) Horse Shoe Bay..........c.ccccscsescsrsecscccccececesaeusessoseesucsocebasans XX, 247 
(16.). Double Bay..........ssssserccccsrcocevssccorssesscecscnsensonuacessequnnusesaays XX, 249 
(17.) Grand Portage..........cccccssccsccsesccerssssccensrevscscssccnssesensenees XX, 249 
(18.) Mont Josephine........ccccccseseeceeeeeeesnensseeeeeeeeeesneeeeeeeerseeeeeas XX, 251 
(19.) Wauswaugoning Bav...ccccccccsesccecssssseeesensessseseunecsseessennens XX, 253 
(20.) Near Birch Island...........ssscssscsesseeeerseresesteeteneessevesesnsnegne XX, 264 


(21.) Pigeon Poimt......ccccccccssscsscccsccecccececeecseteessessssuencvssvssssecenes XX, 255 


STATE GEOLOGIST. : 199 

CLP 1 Bs eee YTS NE GA Bee ee Rn a XE 1255 

239) NCIS GMAT SSl2 OMG /dacc0.-25 ts vccedewe cedes cd vss scscnsedacstestesseeses eke XX, 256 

PAAe) er PUM PSONnUS LANG 02.0 25: .Fs saasooves codaceteccteaes ssdeceuel scahetecuseuvecs KX, 257 

(Zora SHoreopposite Plat Island i225 2.5: ....cccedosssdvovecaccodesesuees XX, 258 

C2be e SHOLelan Ove Cam pirl wer -scccc-cssrc-co oe wteosoeereectccovuses vaekons XX, 259 

SITES) SLC), Lane) aR ace eae ee SE Ne One ae Ere a oa her XX, 260 

WORSEN) IBN Te ES) Fy 06 IS shan ek cee er a yO XX, 260 

2 SE rebate Gal Olt icxs etc cete «Us osacceandatensteecetee cece dee oreo ies XX, 261 

Bee pase ow ERT OEAASS Gi Gy EALZR) foe -.- 2oE 9, Sok hc cone eee ee eso ee oe oath XX, 262 

Restle) ABEL OG CP AUC Clirs sect occcnecci sos ssvesseccseeseee ee ane ee ee XX, 262 

(BEEN IMIG SIS Te ee Fee Ree Re By Boy Oe ee, A Re Bd Ges XX, 263 

Baoan bast side-of Thander Bay. is.s..cossksesslonsetecsbetndaddecenesecdcsecs XX, 265 

fee) Psaeknon, birander Capes. 22. a lsvilesccucttest. rodents ht thc oiceaie  O 

PSS OLIVES ELI as 8, Oo cc cdd forsee eI Te ane ee XX, 266 

DEAE De PTET ie ore REE RR ia ee PE Pe RM OR RP ee XX, 268 

Saenz kat alliysies sss ccc ts. sau sok rsted eee ee en XX, 269 

(38.) Simpson Island....... vadouys st ces seeree ace Rene eth shc ous oucans staneett este: XX, 271 

CSSD MVETSEOTIS = MSs) ccssccoxcd ek cee se eee ne ee XX, 272 

AOS) MSGHEEL OCI cans pce soos tenceo see Ee AL EX 2D 

iil ewe tna Cen aay e253) aes. seladcs eee ee eee I eR XX, 274 

Rey ee Petts Baty 32.2.5. 2 Se te otcrket eee eR ee oo XX, 275 

ao hhree miles-éasttor jack fish 2,5 s00csss ses eerie hexee eee. XX} 277 

eI SIE eyed 5 CS Pe phen ae ie en Ey RC ae eA A ER EE XX, 278 

(45.) Sand PRIVEE aces rove coca ccon ath eta te oe dB elon Sy Se DES 

Selbae PILOT EEC AL IRE Ele «oh. co oi ercoaiotenv open teeeea eo XX, 278 

RPP NR IE ALRAN TE SO 29 5. cE ofa ig eg Re RN XX, 280 

ALS) pes UST ASIN IEEE ote ea ane Be Cp re XX, 281 

Beseriprionof «veins in’ Setieral 2.52)... sc)ossdeecoeclaoei coseeloeocsbidhecetvaseccen XOX 2 

+ BELT Bop [TRC YOTO A Oy gai es eee NR ee ae ane Be XVIII; 119 

Deville, C. St. de Recency Se een Oe ee eae hae AR ee OO aE 42 
Devonian: 

BE TEC ia CSS Cane iin i Aan BS a ee ee ta kag em On er IV, 54 

LI QEIE SoS iy Ee peter Ses ae RS SO Rn a, ee eo I, 109 

2 DGHEEY SOS ce ee Ne ae OC ep RAE PRED OOO be ea coll Ill, 182 

aCe EAE le MEM Vest 3 face Sona en rs oo nee oe XXIV, xxv 

1 LEE SS] BUS OSE Fs (a DB so 5 V0 7 1 A eT XVIII, 67, 77 

PES HELO ACO. tres. Sevan tL St aie teed gs RAN Steg S XVIII, 68, 92 

Diabase: 

JTRS aah aie Sdn ea ee i Sit I Re AR A Ee OMG 27 

BBE eAe ROE O11 CATO, crook Na oe veh ach oe XVI, 162, 363 

GTS EG seh, So cease ae alae Repair ah he 0 Me IE Reema Pe tetie, 2 Bebe a 0 D Qe ma kr / 

Peete cee uaDie casement ING. a AI OT! Tg 

USS 5) 2 i) C2) a oe ea Fe a ER XXII, 67 

VSSREYTCN nY Gi ea Sane he alae be eee a Oe AC XXIII, 194 

TALE EOE ctor on sce 3. eH Pos 85s bs Padecet ee acce eee ee ONG 

TREO NA ee pee acy en ed te Se ey Ee XXII, 173, 179 

MEG eked se sees thea ato. fc deszseclSolad Seah ee Te ROVE 2k 

Plfessalom Otic tar cheer 2th 2. Evie ie UB ee eVibe oo lbs 

Petar se OLCE Per cs scee eee eerie ess“) oan eau Be ee yy XV, 355 

EEN gS ph ah 8 ee IC ey Ce eee ae XVII, 168 

BeTRis Oo THOTE (HICLCOPILE) 2712. fe ocn soe tek ta l eS XIX, 192 

Sie mua IC OM SAIC a eee his APS ooo ee esa oxen 8 OR XXII, 49 


200 ; TWENTY-FOURTH ANNUAL REPORT 


Bytes eVox cv (d Fell oie eer pens, Pe ereeeae cA eee ee TT eee Cea bacco ose IX, 266 

DiatomaAacea: Of Migtinis scccscco secs ss seks aeons do ne ondecens sommes obacseds asepere nese teamwesaeaes XX, 290 

preparation (Dr. C., Johnston) ....c..5..scscastavacter -cnaceerdeenwsennsn ses nee 

i (ProfH. L, Smith) o008: oe. ogee XX, 307 

Ditonss foarind iu Mat. .ccccosceelcnennoscesqasecessd seocsirstesspcece sss! oMinrnche rote XX, 295 

HS OVAEPCAE S263 «stu oaeectinnt Syste tae cacaeahencete tes dt tcanape Oooe tenet XX, 314 

SPCCIES coils sua san nage sede ma Soja cn'ge euaaitu taiaanavaRenaenetenpnchn sats goer tee ree XX, 297 

Diets Slate GTACIOS. «..-0828 66 cxdccpeeceaqsvays ceccaceupene ee eee sesea od sabi es oes aoe aan XX, 29 

Dien, Cbs s).2262 [she ated cova svsyssagete ets Pteme tees or toy arad Ret aenaaea eee XXIII, 150 

Difterential crustal MOVEMeENtS ss. .22s5-o-secnesedepesssanecrncesoortes XX, 184; XXIII, 156 

MD DRCSTHO CNG oasis eorastevdeer cose rece cones beescrash ee tpea-Papeecptesbeemoseese: XV, 299, 322; XXIV,8 

Dikes in’ Upper Peninstlay. :......1css.sscecvesenatessscapabsoneaerinersos4ipoan> voenseagecek XVII, 89 

Ons Wake Se peri Otc cscc-coesc-seeeaeeee ste eeeenee = masses meee eoee eee ereen XVIII, 201 

OF ISMEOUS TOCK A... 2p... 2o0c cascade opoopedanctarsansrdeveossnator sabe snHanear ase aanem XXI, 86 

* of diabase at Rainy lake............... Pes ted pb onghe Does vadedsneoeaeeenee XXIII, 67 

AMG) VOU Sess cso stsS asec tee chewing Aes ce tase sne eee eect a anaes Aaedetatte cree ee XV, 180 

Distietiani SCLieS..c.-ccs.<c<eascssna<4- << ssh tects Ci Ss est detect XVIII, 155 

DiOryte.........5..--seocccossccceresccecdesesnnnssorenccectansesaccanscnsoncansnassseersers XV, 45; XVI, 13 

CEG HE hoes ccs H cca canedectvacssbsdbaebonsewee ebeceb nye tnseeh obs La eee eaten reat eee eee XV OA 

54 FG (s Wal oe 3) se re ar ere et repo tcoo ds XVI, 32 

relation to granite on the Kawishiwi...............0::::seeeeeereeeeees XXIV, 67 

MisSaSaUgtll TIVEE......02....cceccsansasnecevoetpocap venduecanecoempuecenetaccnsvenas XVI, 34 

PEL OM caccee cosnce fcecn cass taeeddaete-qaneataseedaadnayresseysc ees XVIII, 155, 156, 190, 197 

HOCK SE can aan oe agian she Gee ag AREAS CET DRE Sea enc Se Oe RR OV TEL, Ae 

OF thes Big: POr isso. .iedoveienseds cgvoovevescseenetne soedvacnsentepp vases nears .. XXII, 106 

Of Koochiching falls.............sccsssssesscssectesssesescenseescenerseonevewerenne XXII, 107 

Dip, defined ...............csssesenesersecccccscesesscnoroccessecsecsecssessusaneceseere XV, 264; XVI, 29 

Diplotrypa imfida........ceccsscccceesreeessseceesssaceesneessneecnssececesssensseeeeesseenes XIV, 88 

Dips and strikes in Vermont..i....ccccccesssseeessesereeneeteesecsensensesennaseenensens XVIII, 158 

in New Hampshire.........ccccescssssesssccccnecenensesesecaneonaesecnsorseazesses XVIII, 169 

anomalous in western Vermont. ..../...-.....0.-.-cosccsscoess-neeener XVIII, 72, 75 

PEC COCIE Ota oekeads< lek a eae estas ead sa cbeat nas cancoaesonenestegiete ren eve XVIII, (92 

Directions,’ Gefinedh.....:.:c-velessssstesccsesseseseceevrspvonsabesespersassatyos tespuasheen ama XV, 264 

Disappointment Lake............sseeesesrereeeseees XVII, 115 ; XX, 68° ree 

Rocks On SOmPEPSHOLE:psescsc-sstacpeeteeee -oreseseswsceaee ee XVII, 130; XXIV, 48 

NOTCHSHOLE TS. eda Se eok cosa ceenah awda cent asans och uae seoare tees sacs ence ene XX, 69 

bedded Gabbro...c.......sccecesccccsececceseccccensnnensenegeceseeseses sovebeneaess XXIII, 225 

Discovery, of St. Anthony Falls.....c.ccccccceeesssseeeeessseessersessessensaseeesenteneeseens I, 22 

Of the irOt OreSssccig.-coesccchecesecoveseveconsvshectsocseSect sys s¥eestearh9ieeehe annette aan 

of mineral deposits in Lake Superior regiOn..........eescceeeeeeeees XXIII, 116 
Discussion of results, 

regarding the abandoned coasts of Lake Superior.........ss:0+00 XX, 282 

Divisions of Quaternary time.......ccccecessssseeee ce ceeeeeseeeeeeeeeeeeeeaennaens XXIII, 188 

Dodge Co. 

Geology Off....ccecccccccsssrsssecesserressesssensesssssesenecsesnssnsnsenseceseeesepsgenanee TV 5, 390 

Geological map Of, faci g.........cccceceeseeeeeeeeersesseeneneeeeseeeseneneneneeens Vee scons 

Economic development Of........cccecseeseeeetsesesennneseeees IV, 98, 101, 105, 106 

D od ge, James A. .....cccceeeessseeseeeeeeenennersntccseeeeeeeeeseseeeneeeseseneeseatennneneneens Ls ee 

assay Of pyritiferOUS QUATLZ.......ccccceeeeeeeeeeeeeeeeeeeereeeeeeeeeeeneenes XVIII, 21 

chemical analyses........cceree IX, 357; X, 201; XI, 178; XV, 222i 


343: XVI, 112, 440; XX, 321; XXIII, 203, 205, 206. 


STATE GEOLOGIST. 201 


report of chemical analyses............ TS AS OT G8 XV 34:5 ee 
423; XIX, 121. 
HEPOLEOMMOSSUS/O fpiPESEOME:ccie.scste 7645 eeakse ods ccesecnddeseseucesscvetess SIT 70 
RR ae recede eer bytoneegeatesa ds Ic anome she weeev ch weer enskemb ew svek ex cucsde oaplousen be sxeve XX, 278 
PPMCU MOA ECs aoe se Red sata scans odovee sc sae scSods sas oases sSsen saases duos soseesccaSsccdsas<ecwdedsetes cones XI, 28 
MhaneOipvuiews Les PeCtin Gis 1.1.4 ewe coche. vecerseanuecccustesseasscoea veces XVIII, 99 
AUG ECIRC OC ee Oe Lee ag edo e Aaaas sense tecwaclst ices stecaesqeocectenedveses Seceseve’s XVIII, 159 
Mittra @ SO tictieneoececet sacs cate Soeee sek coee atau k aot Ri cone cdaw cere can saneeet ioe: & XVIII, 179 
IMESSISSI) DP leccbe sec caccbesss. co-vnece chavo sbi cuss sciseseacbsacesese sn cseceetesseccshdec XIX, 119 
CO TESTIa) Sec Beee BES EAE PRES AE EE EERO PET ERE PED Pepe ery Ee Scere eer Pe por errr XVIII, 96 
Myr itr dent Aiviccvs-cosc cc. cnovsevescenchsesdoes ace qeecesbessstiere~esteacsteechbnesstaee XVIII, 136 
WOM AGIOWS MDT AL Y.c.c. desc. s05--<002-assees ss o8etecgeasdecoerer dvaseccas cceos XVIII, 229; XIX, 169 
REIPISENIITIG dave enc tonsaseetens feseeteaes I, 21; VI, 160; VII, 47, 48; X, 145; XII, 6 
OREM MIME Lise aces «con sorscevess sagen toes acess ives saves ausade Posowaudecetvaveete boas XVIII, 133, 134, 209 
WO PCHES Alyy MCACI Siccs sth scssscasasvecsset vagus sescsonstanes cee tsceceses coeears BE soect a oece oe XOXCII Gil: 
Douglas Co.: . 
ANKE SOS Waren Meee cde soak coat Te a Oe ON So EE ae ia oo cic eae ctence st peg IX, 268 
azn ee uieeeN Molec unk Vex ono) Ae nae seey Bate see oacarceacask aaechopeSer cee Coser BSED GRE I Eiiaee 1X, 268 
OPO LGA Y. Ole. Bea -deraecscicy be svancwwstenestcnccarececeteweaeeskeaek Areweck co Mrcensees IX, 269 
MESA 8 Ces CS. cntlaw State oes a beenc nasi acteos eeeteapeenehacaenaSeecesseae one XXIII, 128, 131 
MEMES. datavese. ssgecesateecancesetasssessvcusiddcsastcsataececsuec soc sbese tuacuesoees XXIII, 150 
Wren @reeks (NIEECOTIEC);arestiesk occck esac ceoneeehek sence oceon tc cnesecea ts soveaetastae eet OTE 2 
WV Geet POG Tas EAC GL don seteuet ce banc nor sheet ane ees suacen caceee anes scr ceteaeeen see nods cactesstoeccoe ee teas XVII, 184 
Drift (see pleistocene geology). 
WirthiaOtstc ne Wiinnes Ot a ValeV. 255.55 -ser-cc0s<0< t5evetass sccsseeSeceseacscees setesecteees See II. 214 
iri icatures of the state, notigencralized --.$..1ssccc.sesaccs.-s2ccocceesetosess XXIV, xxiv 
DERLESSMAIRG Aloe der. Ya seccc lon ogee ees settee ee stces Seas des eee oboe Sea eR I, 46 
Wayweemusland, Rainy lakes. 2 icvcccc0¢.ctetscscoseece sce ose XXIII, 64, 66, 67, 76, 79, 87 
MORENO SS eV Eigcotte. Deets sa hut Soca na ta kcncinaaevantusecmaleueeswsccat tases cone ere eet actastess XXII, 38 
MEE SSeS OA Dal D dea sates aioe ree ce ba ae eV ee ooae oe Av bc Maat Sdaed SoS cet dace hoa Wacnvereredesoncacces XXII, 124. 
Merci SALE MATIN eS: Ol... .scten-cesk os seacset ge sd2e cca tetossgeeanele-ceensenioe soon oaeteess XX, 29 
Dulgth,;beaches..:..2:...:. XX,'202,.232; XXII, 19, 21, 34, 41,42 44 47,57, 61 
PUprHECOUS SEMeS:..- 0c. cnetssahssiqsresser Hatssdes Pa R pr Seats BONS eae Ce Vili 22 
GENS Calllitl Cy MOC KGSe ee crsesay one ve sb eeeeatees Peed Se cook Sone Cola et tea beat XOEXS slates 
eld GDSEEVAELONS®. 2: <2.c5-20-2s05sscc08<desscesscnostses- IX 10-20; X, 34; XVIII, 25 
Silcea TIL Bee oc ba nase aevae Seaatccan se coesae heeds Sab sa seees ken dk ts Mebeclanee Ws se oobi oc do dacbalet Xe SS 
hornblende ab bros sie. soNaioes oa. cee neon es foasebcnes se ecdon eaten ones whew asNwties Xero 
TEL CLAP Mis ystea 19 Opt PANG oo Caceins swiss Nes see es mate oe aie ee oas osee see soe oe nails XI, 39 
GO CKSCOlM COLE C iter sca ssawssterteaces dxnecte seas cos seotescheeteteecere IX, 10-20; X, 34. 
Pe ec CUUALTIOG 22. v.ss50.85 estas see Beoos Sees seead das vacavave reso Aa aeesresaeece yates X, 107 
PEOlO PICA ES UES tot ede terete eed eeeasocte races he veadied st eue se deses tome eae oes Vil 10 
Wie aa keel thal Wes toss sees eae acest aesdos a os Fick eo Saadsd ie ade bese OR eRe see ee XV, 319, 340 
en teAEN ON (ATE LEO tal es) eee ca t,o ae coe oh secret? Soescees Soc eee sCacte season te ees DI De lal 
OIC EO IUPAC WV icoe css aatss 28s scdsaIus sacs duacatuseruasncpdacco stored tees toute raiaae XXIII, 104 
Dy MMAINC MG PANO Ig ONS Is, sie Sea oozstee dees se scesass<ssic ovis ode aek eee eee ee XXIII, 31 
AS SAREE Ota cars cchizseacnsYaccesemass <stabetsensseastincesestes Pum te eekcore ees st LL DO 
Phe, Mui OSO Mays O feet soc co mocceereccwcensardckccs de gee ieee ne TL RNS 22 
pcre et laa kesatas sotarece dace cece osce ose gete ses as donde ries se teee st ate aeeee Ge tecaan lac va voracious IX, 265 
Pu eMN eS ty AIS:sraestens ne caesechcccocarsshscessodetetes te theghtotaeetrseustev aware aces evceneas SEV ESO 
V GUE OM QM AURE esdos tases acta tenesecocssaude soso news tec ara Te toaes ae eosceieeseth XOVLI 225i 
HBS tebe s se lor lcligy swseen rcc eee toes cn ccc ok hnaeunibae XVIII, 19; XXIII, 44, 140-142, 150 


cachontlecousicoallin Muinnesotal:.c: st. scuesosese seeker testes noneeseettttene Ii, 76 


a 


202 TWENTY-FOURTH ANNUAL REPORT 


Early discoverers: 


Bieler ri tacesas loool sseakecoshece pecan c-Si ckessecstcsecteus cen eatvn ove ctunccodea-cs seas omen I, 26 
(Coa G Eas Pe ae are a ee ee I Rin Shas i aS Er S55 I, 24 
Re AtHEESLO MHASH cer ceseree tsar -ose-cares oats tere cureatee soastare es -aaaaeeeeeen anne i a9 
RM RWI oon aang se cee ene ete eer c carro seen aero eee a oe ee I, 22 
US AMEMO MC Ath oc: oe scecarecesets oo oebe avec vecoes 63 phicses ape cchessomae as soe er as se ema eee 1,23 
Ni COM Et 5 so cis Acs dorce ae Het eves ccee thas nccpeatetant emote vans set avensd<paaclaveovet aeeeoeee aes 
COMET cos ec snade nc sPocce estes seeks doar sensi cesseeserssseeepeete eeeeei st onsisn cons sete aan I, 36 
EOE si decdsceseece sas dassBab oe cance tsp sh deccuseetccgtnececstosteesasavesasebstedeesseeremeae I, 23 
SchoGlera fts:j2 40 eee aed ase a ee eee ete oan ronaeamteostonaee 1,24, 26,28 9 = 
Early explorers, remarks regarding ifOM.i......--...--.coocssseronersesstorans serene XX, 113 
Earliest discoveries by white people, of copper, etc. ...........:e22ceeceeees XXIII, 120 
Earthworks: (see artificial mounds). 
Howstoni@o. at la Grescenit 2222 iiccoc- -o<s ee econ ootscmnes We aeessne ener V, 50 
Hennepin; Co- atwatlous places. -.s-scanp--rntpceeacencoanses sce pesacsnsoeeeeee V, 200 
LittledallsyMormnisoniCow..:0..cesactsstcoseesecseetes es seen stones thecsseeeeeee VI,»-58 ; 
RE ANASE WC OG, coc teose Sa dontet Sota See ces segccnae oe tens ree eae a Re ne VI, 92 & 60 7 
Bast Battle slallkees sien. hccisctsccescessewes os coussevedeae es cons cc seveuesenemewec. tansence stern TX 2. q 
Ebest arid! West Lelie soe cs:.c50pjiascesherre.-tcaratectae Sip XXIV, 130 
East Savanna River......... bes ro sb ge cte dees ehet Peo oar et oo ee LLV3.222 
pe teVES PRs ence ote t= -2-t pst eoncnsubene sade» anayechsameshog® <>< + Pasa scrarpreeene me creat XVIII, » 19. 
Economic developménts: - 2 . 
brick fcentsaldMimBesota .. 2. ¢. 12... 527.dcaem etovsescsn buen enes eaaennee eee VIII, 118 . 
Canradiainiiten res... s5.cc 8. aete ee XXIII, 141 “A 
Copper Minés of Lake Sinpertor 2.02 .2cj005 25. scteee-t reer ie XXIII, 124 ~ . 
Dod se “GO Tes panes renee atege oicta at tans mac ots pee oulee eee eee IV, 105 
Bullim0 re CO sisi iss dascecteoshesspesssosoeepeatastest ssst ecvecess yee ereeees VSLV 5 wok a 
Freeborn? Cd: csc josvec bites stestceces ccvce dees cenet sopetohees cote eee III, 163 ‘ 
Hennepin Gor sstce:-tocsosens sesteees en ener eee gdendtace cae eteeeeee V, 191 
1S eyo teacce) ole Ofc Beene FEMS MEE eee ero ean Hecate eaten oe - V, 49 
Wo Wer CG. oo seodicsev sess eanides oscar hac cet abe III, 186 ; 
Olinstied. Co.iouns..chsocisuia Uy oti eee IV, 95 . 
Retm Sey; Ov stance cntosascecp tas scecetersasnscssececseeeste tos sch ce aeneeaeane VIO 4 
Steele Go: ce  watekcperuet yo deosdaava ances Sek coe ee IV, 113 
bnilding-stone, Fillmore Co. -.2......scn-cs.-se-cevssetedscetacsee des so eter LV roan 
Bem tie pita COs cs .Sedcpecoyss odep annem ss ssinns ges sac¥ candinannaehas ae V, 190 1 
BLO Uston COA cp wcceos- cwencsveneabpsh os sue sacane can tch wen he ten aan Vv. 44 
RRA GSE. \CO cae ecse: gi Dnahcavnseessesvasesiqhedleeiiomy eee een VI, 90 ; 
Copper, Lake Superior. ........5.06:......ccosscwacusepctenstentysokaguaus ie naam NLD aelies } 
Full tmOte COs veins sences cong cos span caoavtaevess oa svedensb yavenees See eeeemene LV ae 
Crefaceous Clay...isvzessssesssacsessciepo hanes sand phanpnpihadaneoekioa oad aei geen Lyl9; Ih6 
central Minnesota. coe c.ciscnssssvcpontensobeseescansanwsencp eee wna VIII, 107 
Elen ne pita GOs ais .cassssneentyss leds sedeccanugcssvecsaseo tsvccueh ects V, 152 , 
Shel COME i! sacra bsbasshs ceadt athe IV, 112 4 
Fire CIAY ones ccsnescstissappecsoscsnsaoupeasusssoabesuuadvan cnkiiliussteysi5s veshnin IE; 20% . 
Galena limestone dy «cis cceccsconcussdccvovcsaueseseddacssvends seals stu wekat oven iene I, 106 ' 
Gold, Fillttiore Com caisisecnsarcescossuysntavensaenvincnwesekscusesttheaycertyeenanan LV fa . 
Olmeted | COw ssivaranva wees cxs tags pcaccencnansackowenes tetaceccteneaectee eee IV, °95 J 
Rainy lake reQtOn svc case sncsiecossscsatacndunsscovs oncunees Mvesiaevas XXIII, 36 
Tis UPSHOT ssn sxssupsn seeds vphovtovsnevsstevessAKAbspeb ates VII, 23; XXIII, 146 
ITD CCE Wertind ACDIGES, cases ssvynevegstosn¥anncdvedtennvins teasv¥aumanas XVIII, 19 
Graniteof central Minnesota vise siicies.coscinscsecchitsescusvescvctcesbenioass VIII, 101 


STATE GEOLOGIST. 203. 

Granite anGymetam Onrphic TOCKS: <2 sc. ..<c.0cess<czavessonsadsuessdsreoceysccadecs ME sir 
Hemel lm OTe: COM sct-n.. stostecat snarde sacs cvcck eect ldetansaruateiwesstudecavescsrect IV, 68 
IES allo igRian fe Ox. 2. sete secssceeredscvenesccsesdeussosesvestee XX, 3; XXIII, 141 
Mle eeetea ULES OGAlSs. sa4 cons vere se cas cseesser ass searsscbonescosdsacrereacts XXIII, 215. 
NOt bUETnMMUNNESO Tam coc ts koceceeoo acs cosucous canaoeaee Sees aivelenaseen XOVS Qa 

PSU DET OL Meo s.s cc idecocceenssesens osesbedesess yet cede ousts caecedense sales Vi 2 

Wer TaMl OMNI P Cesc assoc -etdnes acinals sace-deidseres-heenonn eer bacs caaps cee AC 
Wordaa sandstone: central MinnesOta..7...ss.2..cccocas-ssecees-oseeeeose VIII, 105. 
illnmo nes Go 223 het 2s Sccete eas wada chee nesen testes ae ceestezecdeaeteoseetseoes LN a: 

PERRO) LIT eee eee eee acs Se ohne rea eee SD Reh ae Ra ene SUNT ea Tete L207 
Neeccertulitn anes CON tarsictsccsceus sts casecee eawen cote tacaw ee eu teeae eatcaaee tae IV, 69 
(probabiltty7ot)MAouston\ COs crc seses-naetepeesee ee neeeeee nee V, 50: 

Mame meentrall MiniwesO tal.c.sc.<.-.s2scsucete sees cnsccscetesseaccareseercecere oe VIII, 121 
ID Yo YG fexenl Bo eee nner correcta renee ceere sede ereoncercar arcs: IV, 106 

Sree Ott COs acoses cece cer eee a ea Te eae III, 162 
(Exovore) sy stonl OX s paeeen ReneS eterna eee eccoan sone cccheaacecsecaasectc ener VI, +44 

TRO USEON™ C Oln.k ose Bac woes eae eee ee oes Oar oe eee oan aed an te aaa ada VW, 25,49 
Milony 68! C02 225.25. 5 one See Sears case e Stems dete nce aige dewesaeaeee ae III, 186 
Wamestone, Dodge: Cosstaek eaters hevecs van ct seco ol oi coee nes ceeieeneteitens IV, 101 
Balnto res COs oe ese aie seen os Gow eeyene oa cudosta taeds covtwaene ses etes LV; 1S 
Olmsted’ Corse ee ee ee eNO Le Ee VW ets 

Wower MaocnestandimeStOne:cc.crstcs.c2-ccedescssae~scassasceese-s rae 3csacasccracs I, 84 
Lumber resources of the Upper Missippi region..............:..000200008 IX, 222 
Mima et be lt Ota SC. tre.cc: seedscesteeasecsearse-o:te-ctetace-nartessanneecres XXIII, 132 
Menominee Mrominane 2s. ccc. -csscacecset occcsaecas Successes recsacdeseesconce XXIII, 135. 
Whirinzesota, valley ssresesteeccoss eee ee ootas ban nes cctad ates naesent arctesnotweos mosses II, 201 
Millsand water-powers, Hennepin Co..............ssssscccccessenseeceeseeenes Ve93. 
BCAAs sae See sree eae a caes oe ee see NTL Mane Soret eases een staan eseetenousesho tes III, 164 
enokee-Gorebice Lrom mange ..) .scesse:se-ceosstsarcerees=seee neon ernee ccs XXIII, 137 
Pipestone Of ROC anG Pe iIpest One COs. sesso crcpecrcsasren. Caceng convener ee VI, 98 
Ouarmedistone, central ManneSotass.-2:....1-.sn-sc-rorse sees -easesenenae Vill, 123: 
Onatizytercenmtrale WiitinesOtars:c.cssesncqscesssseccncscwsss7-eteceposcncazare VIII, 103 
Soars ead rae UNAS Tpee Ge aen sa ntaee eone et darloae saanciareies cee: caddecaree Parr sda=e IV, 69 
TB (Srarereyoptiar! (COs cssccRecthonesdeocce se cbbonoUoebsbcanceod noococeoccbabconee HeeRe [, 192; 
IResormcesiota ly alert COs eircsectein ea cheeeendesenta case suse dense ccceeste ences XXII, 146 
Reocksinesan LHemNont hernia ciliey Rola scs. 52s. ccosen eascecceesmeenenss-foeaecs VI, 46 
St Crotssandstene,: Ghisa eas C Oe. trecmec-22--+-boccanesecs se seearoonssha sts Kelso 
; Tanaris KC ey en as no ene Rea ebctcetaCae 2 paaconsaeronsttise TV ao 
TET OVE OO spe Boban bcr CECd EC I Ea RCE CCE RO SEEDROEE Cr BEE CBSO CaR oS EEE COBOL EEO SECC XE, 132 
SPACLOUs ATE OSE ANNs ce seges ee ean coe naans encciasenctenenncessbodascestsetsstesmee nes 79 
St. Lawrence Limestone of central Minnesota...................000008 VIII, 103 
Benet ote 1 Cows set tose coco tec sa ce cetncesenee bs bantnsonssdcessataeteeccaweere IVe Soe 
SPeLeESAMUSEOME..se-sccascs cosee ces coer csecesccesecee wands daentenee sane am anes ces cre i 
PHU Faae OM CYO) Aaa akc cos ee OSB CER RRC Oree pore enene ere Cae tanec one DCeE IV, 40 

Ip lerannyay60 (OO peeseb sccencen noasctoocc NesO bade an Scchosonanode a seaIas) Seunee V, 144 

Sal Gms rm O73 C Ome: ooo ctececccenseccccdensecdcpecnansecmteceas ansecneo suaceeaenen Were ls 
JE lOVEGR Io Nat (C0) 5 ee eco aha eepeceoneesscscbe cactondscota0 ecu uneeascOonaeRpe code V, 48 

TR CONS Oe ce eens ona os wees ieea dan sstemadeceesatan Wee wecenes see esea ne Re VI, 120 

Sand stoner WO dee Connie cwesesusnc-sesceessecsamanetactenccssern-ts-ieasereo= sere IV, 101 
Orta © res CO iercte eens saaeee ebede cn cca Carer Oceans tue caees «ttn ecepedeats este IV, 18 

Good bmg Cog cescccoss tree rec orcas tec cenaoen tadcaaa sta atanaes pacactacts VI, 44 


HET UES GON Tae Onecare esa a eee aaa ae neh vs nidd neptenwleacmna se Ny Ate 


204 : TWENTY-FOURTH ANNUAL REPORT 
Olinsted\CO iss seo esa ek eee eT ne wrens Sia See aE IV, 86 
Shakopee limestone, central Minnesota............cccceeseceeceeeceeeeees VIII, 106 
FuilltmO@ re: Co222iicies ovctat ties son vvasence seen teeta eee i -e ate sects eEee eae IV, 38 
Hemme pin Oeg ape cas ceacsss0hecos-> Stensapenseos apeseotinnsorse ag sesteeeeees V, 144 
Silwer; Lake SapertOn tosses is:st:siscsccsesderen se esos se- VII, 14; XXIII, 143 
Slate; Dietz-anid Wa cannes. i721: 05.4: secassasosseaasaseseasepnesotsn sieves doastasaees Xe 
Stone: St! PAatth. or. 6.8. acc saosu arenes eae ee ee eee aa oa XIX, 86 
Trenton limestones: cress tess ck oto aos Soccer eee ee aoe ean ae tL £Ox 
Billmi@ee Co pasar cesee vette pes Mee Dceesel & eos ooecen sateen eee IV, 42 
Fenn pint CO). ic.55c5sc0.choes tens ob ded bacdeoue sebesesbas ess orcs oS veceteceeeeee V, 147 
Water-Power, DOGPE ICON, 2.4 Aessed a aaeee nce op eae aos ae! Shee ceaneen so eae e eee IV, 98 
Pallin ore Cox sits. ss. oe ee eas Pen aaa Le te: 
Flenne pity CO 5202 ..<<< sees 13 .00550850- be seeatanes aos soos tee scatessccodstsneseeaee V, 193 
IMOFnSOnGCO. ci) uc. canyedl cele eae eae ee ate ee eee VI, 65 
Olimisted YG Oli chis i550 cide tees Roente soee eee ae ae oe eee ee LVS iit 
RatnSey iGO) fr. .icssss2htdedesessccdsdsiasstscscde cee esdss it sebedsenecehoaeee Vion 
RACE GE aoe eee rise Rk hea ea a eRe ieee ee VI, 116 
Beonomic research need ed on... 205. 2. ee Beas wat decease neue soe ec teetaora tore oes XXIV, xxiv 
Pilcet of hydrothermal: fusion......:..<0dicewcopetnndyo-nevns de edes terete benrcen seam XVI, “35 
Belestou; EGA sac 51o3s.d) soils dt onc do ie on senadde anven goat doch anniae saan oe XXIII, 42, 150 
PO wea willie pesce ries dees dan ceeess condscctsctsicets tomtopersbee Neck oideeecttor Mescsenene XVI, 446, 475 
PL VCE Ya oles acdsee rates Sedeagayalivsat Lavi seh h¥ae7s aan oedatre et doses epee aee eee XIV, 449 
Elftman, A. H., XXII, 2, 23, 24, 49, 50, 52,53; XXIII, 197; XXIV, viii, 17, 
48, 58. 
bedded and banded structure of gabbro and an area of troctolyte, 
Sia sssdsuates Cusavh sdasdeacesaapaSs ioe divcdecssouve ce qacesbectt pete: eeaceege XXIII, 224 
Puekwunee conglomerateta.ti.s ih eet cect cet-csed ee ee ee XXIV, 37 
EOP OR Ue wt ence wr setae oaedew sep ence wnteeckste-bes eace cone tmet en XXII, 141; XXIV, 148 
rock Samples collected fa. 23522452. Yecsccseebeeee te aeseecee ss XXII, 181; XXIV, — 
Elevations, (See R. R. elevations also topographic data). 
Piliptocephalus Asa Phodes. 2iicc «icc 55s Desiewoces euese date Mace cdede cee: XVIII; 772815 207 
redesctibed by, Halland relocated’. 225. sicssa--or-cnssos-cspescecasees XVIII, 78 
BLISS IR Wit Cite asda tee ccs les gah sid sons ae ES lactate tees he oe eee ea XVIII, 157 
BST yo, socket Th: 20h cauwetsssenets sumone caeet nabac eb binect ast begunusaseyeesbetyas chess niacmetian ie iensintt——n 
APOIO TICKATED. edhe hs ae seiee sc stesestoucnedees Sees nOue bet caycbhocee rat aecee ee aoeeeee XXIII, 4 
Ata one Ak Gee. 5.5, Sete eceeeredeteee eet ecnse ett eae ee ee eee XXIV, 40 
(00) a beer erry orey Pere eed rerEr eee Peet opr bere ce XXIII, 103; XXIV; 44. 
SLMMEBR Sop cice aso nccssbeh SB seapcn Ane eR ROT XIII, 28; XV, 225, 252 
Bey SIAM Gi ied ays siancestibcucese nace permab eos o ster tire see hides teem eee en XV, 304; XVIII, 12,13 
Bhar O RG), EG. ocntocs ox tepestwebtons Cosbetyavsd vey emegers tot iepebense gaa tens senaneceetness XVII, 55, 58 
AQTIC TE ps' DY tives tists di sastissssck cupdects se ade shaveoeeencteesses tea oaene teen X VIET 6 ei 
GOUT Y: 5. ct. cssliticn feat Bescneaksaccdt coteues th ckdees ovvanpet hecteoeWe stone Seeman XVIII, 68 
correspondence of wth) Miarcoiis,..:.1135-..csschoovontas-ovcusoee oe antee XVIII, 82 
O PMO Olu. srsyvensstvaees stusecctesunwenens esses reouepeee dpee aces: an ever mene XVIII, 68, 81 
PAM Of isis escitshAeaseslPandssndaaceesanetaviyateed gales th ustteous ee teem ena aeene aan XVIII, 74 
Potsdain SandstOnGh...:ccivvecussvseneavewss XVIII, 126; X, 126, 180510463 
Fed Sandrock:. Of Net ONitis, Jiccskarss seacdedcethascuevee nude coveeestuneeeis ents XVIII, 98 
FEWIBIOH-Ol LACONIC. DY foc, vv uvvsn hott secppbelsesnsucerpecs duvekeroeem=aorers XVIII, 75, 76 
second district. of New. Vorkskcnte thes toce tose seuks oaanee a eaeieatee XVIII, 69 
VOIGME DY, OF (TACOMA. trdevavelsayratguivn Gveebsnssapaae serene XVIII, 76 
PM MMONE, Sis icseests de teevees istpeveasens A bdatheuas apes us kode PADAWE Rdeatns bee Ce ONERRRREE TOONS XXIII,. 38 


MTB OT AKC, uation shes asl saciiensdsstcchuseustscrepyvacatdezeessdtas chs eetiveN eat meee rte” XV, 133 


a eS ae es. 


STATE GEOLOGIST. 205 

AEG I GLO Yeeries hoes etn eecketectuctosctaas voce ieecneeseosabeprecsctocs V5 (90-2 Vil S32 xe eS 
Patomostraca, mmileroscOpie, Wy. Ls Elenrich.. 5.00: .0.s2c.--b-ccsveccsernsveecet see VII, 81 
POLI ATTHES EON Essai aetae th tack eect occas ooeccds cn cceusascoue on tieoes erotcwedevonessoen XVIII, 90 
EHO HCISNISLC IIe eee ate cecce eos owes cotss so cstane sey sec sanas dacgebtousevesntes eves ete XVIII, 164, 165 
Be azmone pl Diplo eearp ly? O fictests\....ccc08dncs osdansscorpesscesrsaneeste-ncscgeesseccneBees DU LF Er 
RV EID SIE AO Ben tose sseetcneeh ee etc c t= sac coveccaedsrat pata veronvaeeeaatescse XVIII, 148, 149 

ta rit HO@ ta eeenees dicaseos ese coe Noaaas sc -suceameass ctcstenabecsctans otvatt douse ree eeenese XVIII, 150 

OSC PEE IN ip fn Sent Petey re eet XVIII, 207 
PRENTICE VOMICIIUSG 20 0c eWiicauess cc sas 000 suesssagveberessuqoyeesos XXII, 57; XXIII, 158 
MRO RRER RE ene IN coy ons 3 fasts aoe o's Sowces cat decaaennbaseauoes tous ough obs ca onnst oe sgace eas: XV, 106 
MMAR OMENS Pg ahsd Se cae se otk oat -Lanaatnsessasduiisaaneakaseahandsne nineveesteaceuehihaceracaavW oe xe 20) 
arpa MeOb EIR Le Cee mennenecsasceeeeseteass saaseconcas 9a" scanaasses OVA S21) SOX, AA XOX Ve OS 
PMC ORIO LIM yee clless soap sa sap es o0 ae du snaae sectepe nee anedsatenacnes XXI, 31; XXIV, 104 

SMP MNMA BC FOES ens cole css2iceys sossn sich asoaseatsvovssseeyertomeanace cn iveedtzsoren tas oroiwey ee XI, 26 
Be eEIBIEAM ENS VEN Y LO. crs 2. 6. vo osoens en =datdaacns desenoweceunandacnccceiie doa cus stugeiasbskeesbe XVII, 30 
Bsebetville (niete@rite) ..9225s:.ss..2c-.sseccstesaeeee cnovs coctasecasds caueeeccacseseee: evous XIX, 184 
LES RSS| Sade SE ae Se oP ee ee ee Ee Ae Soe gt ete er eee cee Ea oe XXIT, “53 
Essex Co., Emmons on..... ..... Soa aes cccasseacettamt statany eswsee seach saver weseed XVIII. 69, 70 
Etchings on various minerals by fluorine and chlorine...................... XIX, 42 
BHomapH alist tie ShaKO pee liMESEGHE........0<ccseese=-<-sacsas4acedeesteeeeesee eee. Il, 147 
ane kasbedsofeuhe Mar quett district 2..---.<.:.cc.-te>-ses-csterstcsnsooeees terre XXIII, 16 
BS VICUE Ele yo acm inane Srvc scictns sc secses caste seusevssunte tovassvteaeeds cnedotes/ocehs oer UL SS 
Pradencesrom: beachesof placialtlakess 25. 2c-- <--cscesesonsecsdosscs-sopssecees XXIII, 163 
seas WPI Gal CHES -Beceu sc cst eee Ndcnend sao oe oe sae cca Se cnoes cndcaes coh ttedeestuads tious Nees Hebe: OG 
1 HOES VOTE Ga eR EEE ER EE RES ECs eae Pe tt ie ogee a XV ADT 128 
Exposures, older rocks in northwestern Minnesota..............ccccceeseeeees XXI, 70 
ROC S et Wee eg i DIC AKC 280. nec sinew anaseasasucaasnan'sqcestvaeces weneen sauces XS 
pedirocksnorthiol Redjlake::2icte.2: . <c-chvteseccsceeoee isan icdene tee XXII, 95 

Aibkin- andiCass COumbies: sc. scs.00 5 .c-deee costanceos suced Sesadeneiee eee XX, 26, 27 
Exhibit of the Survey at the Columbian Exposition..................000008. SKIL, 2OL 
ab the New) Orléans: x POS1t10 Mescc..ctsceeccscaddeoevecsst as cossseneneeee ss AND. "7/8 
Fete MIN eSAD gl AN LF Cvnc case cous socuces Sesess stavescontouctueceoaous caceaseee oa soectstocssteen XX, 116 
(FECL IAMS CSasseecccn este sesh eetics teases eeecasataeescael cohol sevinv as oct XX, 117 
Basnbadics sy Els Won ASSISCANCE IM SULVCY sz cacuss-200-c sesdeas0.0c0seseecuacolceeestauss DOA IO) 
SKEtChiGiwletatid Crt iVeu a resceessceaet cet <csseteose oe ahs See es XVI, 442 

HAELB ATrOSTAt Ra Iriya LAlKe? weascce-t eseveccosset fatstaastescevesce seecorses ooo ntesteeas XXIII, 86 
AES eM A eoeet osc tect Succ a aces coes scene seuwcb ee. seco scbonsededestbbeeeioces soos XV, 58, 320, 356, 403 
Es AGUA EI SF CONS EON Gra. vercans col cuedsnesdscqusapecncestceas secshouwetesteorts aoe D-O.9 0 8 ea 9; 
Balls of St. Anthonys conclusions regarding....ccst.cse.<cce..ssccsccecocsssscdeeeerecee V, 187 
APA saree sccchccte sas aveccecaduetewweotivdaae duet TENN caehewd secev ass oeus ee es V, 184. 

GISEO MER Gy ERCTINC DUG? vars. cect poses 2. thatse avastcosucossisdaiukceeeenea paws I ay. 
description, by Carver and otherS........s:0000000-4 beds ous suc eenee stearate V;, A179 

UBTEE, TI WICITIL GY Roe sade sv cuscodaet ae too ae on snnhor anata sks boas ste Es Ve i56 
EP LO PAC ANE TTA: sos tcst osSevceaees coc vantbeae sovnsgcea questi pathcesSaageee GEMS V, facing 156 

TE Rae <INt, 8 foo eR V, 177; XXIII, 182, 186, 199 
Balis.of Montmorenet, Emmons) Ons: ..<.c.-d22tzs0<bencgoesteves bee eens oe ne VAG heel 
BUISeIS bE Smite VAL Dl erce..tecccees cose dvacsevessonetesecouseeeehe mkgiot eee XVII (Giexe VET Ga 
EQMIEK PAT OME ieee oceses sosnoh coats s cdzedscasde cosas eesense ss meee ced, XVIII, 67 

seit AMAL ETC OMT bay cecces- cece 2-0= a2 04s cvcous acs \savidest dvacdaaravecd coon oes e san ve ocd LEVi6, LAO 
ae Bestile chee ease iadessvarac th cocdeveoccues tes dekacswdorseveseeetenswleee tee es XV.+ Si 
Fault from St. Lawrence into Vermont and New York.................00. >i g Oe Furey al 
AV ELCENG OF (MELCOLILG) ctese.c.0< dates oo sze ccdects cade oeates Sacre) sdasacéstdsaed i dsecceeoe XIX, 192 


206 TWENTY-FOURTH ANNUAL REPORT 


Peatherstoabanp bh, Geo W cosesas. se ansescve ont cenpewncsacenconngutorges code I, 29; 11, 1294 ee 
data: of:the: BallsiofiSt. Anthony c.-5.-23 2 sscectesscse-t-t-ree0n7-coospeo ewes V, 184 
description of the Falls of St.. Anthony... 7....0...62.-220nesssqneaebacteebeeaee V, 183 

Pelehstno attains. cesi cic ssyecotesveccaesncescaents vactaces edsebed ot es cones eat geess One XVIII, 156 

MBAS GAP PCOU PA. .25..2:330cscne on dee ese-nn=-tarenennonaogatnenateRens<P Reet tear -aale Be XIX; (26: 
REESE fo gas ates ene aptle p ent eee eee eee XXI, 44; XXIII, 205, 206 
LAT PE MMEH ES oon ts oct cetres oo npc s rnd <as Mowcnteats ane Be cased Rena ceosnar nerd XXIT, 25. 
granite of Kekequabic TANG). So sdiocen carascaaeseebns acsoanss shoe shen ee XXI, 43 
| eye gy go 8) eee e enone eeerene ee ee? Sh RSA a XXMI, 57 
AVIASSES As Pia D LO ce cece see apt poe sseenenp eee enes eee tae coe ee nena XXIII, 227; 229 
fies) pfetah ny GP Oey pease ey ery ee ae er. XXIV, 4 

Pg Ri ON Nh Spe eee May. arr er aes3 Sea sees ea a XV, 305; XVI, 27, 28, 167 

ere sb AS) IgE ll cose. Sis teveoes oe nupstry-veehaaean martpranerarssyaetean peat cere XXIII, 199 
111 © FANE bins oaks es eae oot ooo on anew es Sea osee saeco e tence seater eae eee eee XXII, 45 

Field-Observations...............2000+ MVIM, 7;'8,.25; XX, 18, 28, 34, 383 ees 

Biel telataens ot prranmites. 1.6. cccccoseteaonnt np tee oneeawcheeears XXII, 36; XIV, 2a 

Field stones dor Dui Gin Spat POSS... -ccccrossecupsececesereceeras sec sene ers seeneenen XVIII, 88 

Bilimore Cosy] O iycctessse<s:c2--ss0ecceste se -svcscusrs revaccareren a= hesnenaee nae ene IV, 13 
PEOlOMICAL AAP. -2-<25-cc2 00 -roreseshe ts samaneenssnea=enbeenynaseiennYipeas- teem IV, facing 12 

Final Report, chapters issued. ...........-.s0secceseocacetersenoonreusesesnds+nasbentaeees XML 2 

SERA LAY cad su staat dad Se aadona ae oss dopa ns cx 0 tena dene-natememee ton nei ~¢ aaae mente es Il, 207 

BirsGoNahiomne limite ies. oc. <cs2ss00000s susnsteasenateescee aces soncsstsaoaccs sone ote sac eee XVI, 60 

TISSUE VOUS. 6s05sc0 sakes ee sapnccevanece cee svaswececebenSoqueccestiessabsescecpwssdsetse smeeeneae XXIII, 81 

Flood bay, lake Superior, datolite......2. 7c... scesecsecote=bousenheneverer-senurseeee XXIM, 197 

Flor ad a Ca pb. vceevecer cows snes weve. ten sak omecer sate seb eepery ere se athaoe tone ssee iene ae XX, 159 

Fluohydric gas, for the identification of alkali metals........--.....:.:- XE £29 

Bis OTH GO seco Savion cdodew Dobe vS secon godSes se Seen eupa stwovas eke Sieves pe twee Uae enenas eee eke naa AT, 2s 

BOE BEATIEE oo 0 2-000 poe vaoceeneoseoeenecannsncnacenteneeeb-cnadsesantuess¥ecer en ss=¥ eee XXIV, 22 

Flying Cloud lake................. Bechet eben cearaaas aot eae meas XVII, 184, 185;X XIV, 136 

Foerste, Aug. F., notes on Illaeni............c.csccccceccsnencrorsecsesrcneceencnnsnsneans XV, 478 

HET CAE © fle soe coe cow ecee wat ONE Seca esvthn s hE cnec deen oneee seawnobestaconean As cotee ans aoe ae eee XV, 263 
die towedtmentation?.s.cesesn- sokcco teen Mocccet tee usec sends oatubeseas ps See XVIII, 158 

GL eed: WO iiasede stone ao gs scadanend<cneWacins. stv batpdaskennniereebassecsmenrants aterm XXIII, 112 

HS CSeT Gh CLEA G eA Choos ten Ses Seok obaspawece ss susseceieerrecote cen teehe nee enone eke en ban 

Foraminifera, Bibliography Off............cccssesssceccerssessssessccecrnecenecsesenccasans XIV, 167 

Foc chat men, Grd casaretesoe seta sopcehestlntaoveestastunsse cocuknesocrespese etree eke ene XXIII, 42 

Ford, S. W., ASSIStANCE........ccseeeceeessceeesnseeeneaeeennssesessescenescensnesennneesens XVEeNO 
respecting pipestone fOSSiIS.............:sececeeeessseeeecenennseeseeeenesenenees XII, 68 

MG rest “bea Ch ocipicvesvseecobedcca tne uede souareadss says be eiegueetoes opremteis.t Okman XXIII, 169, 172 

Ror ma tious—thickmesSs.. cos. sek toss-s0deavere>cepancecnnstoecsbanssuboacgs oupees teehee XV, 184 

PO ELTE T ATICOS 0000s Jaccevntvg sues atsthavecp slob senetecpesnsssacedpereeateee fess ck etch waste XXIII, 44, 45 

Fort Snelling, bluff at.:.....:...:.cccssssvecccssvesccccesssscsrrisosanesssssnateqsesnstendabeenea II, 128 

Fossils» absent from Taconic. ...c.c.cccs2.c.-02desehenspavsncbvconvecsensteenystsiayeanee XVIIL} 7 


description from Trenton and Hudson river formations, VIII, 60; IX, 
115; X, 182; XII, 8; XVII, 57; XIX, 211; XXII, 3; XXM 


elephant in WimOma COUNLY........ssscceseeeseeeesecesseseseseeaeeeseeeneeenns XIU, 147 
foraminifera of the boulder clay.............sseccsccsesssesesesceeeee XIII, 150, 164 
Galena limestone... ..scteecvssicccussvonvscacesscaouhtosuney ses colnubepal eeelaniec enema I, 106 
leaves from the CretaceouS........cccscsctssetssveseccsunccssvesstesnsuasedesumbus ST, bel 
list by J. Halli.....ccccsecsesecessseccesesssseeecenenssessescnseeesssnsseseesenssaeesennnns X, 134 


list by J. H. K1008......:::ccccccseeeeeeesesseeeeeeseessenersenenssenersseaeeteseneaasnee X, 182 


STATE GEOLOGIST. 207 


TSTMLESE OM CNAESS Corr Ult erddsersseoctcstsccccevessiansdosietedacocssssestwonc coders XE Sie. 
lower magnesian limestone........... L, 833 VIEL LOG Sex, 2 XXTIT, 2 
PROSE UE CE BACON I Coan vctccardinnsst (ost des ddva sno Wsuns soctsctvd tne ctuaenaewoends OVD See 
LEI ECLGEA VEC TAEAE IPDCSEONGs<-cussoetosctocsssscccastatess cdtseaseeetecscsepeees XS V65 
SATU O CGAL AUIS EL eos cece cccae seca: ictectvevecocveccotetacodescues csogessescentebeess MGT, 749) 
Sialkco peemlimest Ones ss eseceecgscesececto ne voowarceedsons eaves cco oeekeecorvee: XIV, 313 
SEW ROLCIRS ANG SEONG sees cts nec dadessecdrrsce ss dsciodrus sus eet Tense sede rans IV, 41 
Shes (COT Sec coe AS CENCE ROOT SES RC RE a rat Ore oe HE Ra a eee at XIV, 317 
MrentormlimestOnes.<.5.0.c<...2-z0cc-sve cece LOO Vie Sle Vile sll “exeVvaraiis 
Foster and Whitney........... XVIII, 91; XXI,'88, 89, 92; XXIII, 118, 136,151 
GBOISE le cecatioceatceleGodur pobobe sceopacondoscoocaubee no oheSaceescapepacluanesccdseaccce XXII, 90, 91 
RYO SEC Ip | ea WViakiccs sewsecesticstecstonceceatessthesdevessztens XXI, 88, 89; XXIII, 134, 135, 150 
HAUTE SER CLUDE AIG Sx hocrcnek cas cece tnisces Sec staae ceeck ose ste h uaa te ete Vasa ot rea oo XVII, 179 
EDOM LEN Cee Lass Saba sec shod banc n seehr icc esssctsctdcvavctocoseemtecests untcrss cutoncena tee eseceR eee XXII, 29 
AIO O UatallSt ST CENSTOMES::.<..2.02 5.25527 Sesecoesstassbsesoe eee sdoetee ieee anita XXIII, 18 
apa A Geseaes eee ceie ce Sal oe cc wc ealvee sa weu/cusc cece eate oat ee enets XV, 376; XVIII, 187 
“Pura TSO Rela Cian. Beene ae eee Oe Geen ae act Mela aR Seas MC CE SEIS kL GUILE, BOR 
GAS Cig Allee! or cee cess vest ce eenaseeoPacaniasees sestet enter e ese coset arte csctaes XV, 147; XXIV, 86 
Ce Ol O Diyptee acon essen aaas see Seok acne aa vee i cece mee eee ane oaee Eon coe ad seoc tare eee XV, 360 
WES CHAP ELON 122-25: soc ss ccn cas don ceetenctarer eaatass ecaate ss coated eas cee eaaioet XVII, 187 
ERBOGI Ost COMM biyrteete osc s01 oocaccve Me seeocuscecseceeeen ema eree teiie. tdnen sever eae nao Wo F670 
PIGCCHMUMIM OT OO LOL ONC .cs ssc Sac ssrdesncossscuedtestatemers ee ap aiecedk eestor oes saaoeeese POX So 
Freeborn Co. 
GreOlOpiye Ofis.d siesee tench dea sesod ea sescusane ts deca sagt ie sea anats doeissbdcsdosee soso Ill, 348 
Ceolocicalitina os gcececusssesesesaue door sass oes Sac Soca cont aetna III, facing 148 
‘i G@ierman bared Brenveuce hho konseeer cr rccceee a Neer ern Pe Ar HA Mian elt OE Se IX, 294 
RS erOMICOC Kal Aik Oss cetc taveks sesscu us se voc savoc uate tdabocee ae Teauons eee oN eee XV, 372 
GEOLO Pye OF, (eesti daes cobasesecandap esse Maeuk vacd Mace eattomences eee ear eete eee XVI, 306 
PROMO SERTIR NAC OT Git iste oo eee ea ee eG et ER De GV int 
Gabbro:....... XVI, 249,269, 274; XVII, 130, 135; XXI, 29, 150; XXIII, 208 
Preset he Se a EN a Pana DANNY 5 22 oped on a XVII, 43 =X XIV, 24 
AMMEKEMe SUIS Ola Ne ATI KCL svi-cetencese races st cence eee ce esc es ee aereeee ee oee XXIV, 24 
Badevenmiliiony lalketes soso sseee tite sh sod Been eon XOX SS 
pedgedyandaband ede hasestss.c- ees. aes orata-cese-seedsns coe SX, 225 
bedded and bhandedsstriettnes:-.-<2.1ss20-beeceerte tee wears seee eee XXIII, 224 
Getitre cl pescnten soe aean tees uaa oa sca ton tee oe oaste ees ones ote SIU a cote eee DOS aly 
IDI Ie nie aseteon eAadoseacsect ence oeeec aoe cac a eacme occa WAOUIS PASO Oe ele ODS Tus 
CARS CHS STO Mi eoaes ce cece rece ee eae ee at PE ANSE De Bae XX, 126 
ERTL C = OM ANT CO te accetteeee duce tue wan Aan eueeee Sessa Ata ee Bees eine eec sea o seca eee ORG OT 


gabbroloid, muscovado and “greenstone,’’ XV, 182, 343, 348, 351, 
355, 380; X XIV, 65 


(25) Ez 1118 (606 Cosas Rocca Ra connec Facet Crt er er Sere RPE mene BREE Ar oRen Pr XVI, 361 
feos eeVe te eae tah einy-re Acar iy Cree ery eae Er a XM; 51 XV EL, 102 
JESTEN TS Fe OS ea An Ne an en ee ST tee Orie RUPE, A oe ha XVI, 206 
IEW ETO d oy BTS DES Sea ae Mee Re Bene eer Syn rArt Ue obey Sean XVII, 180 

TES) oe Ee ea ae so is eR RRB et aa ite Bas et ee XVI 99 

SSEMPE LI Oltjac vec ste resececes dagde None te aaa ale ee haan e ees XVIII, 201 
Wake (County as. --0cne+er00 Me eeea aes ara seace coneas caren et teag ees ete elt mua TLD 
Wibtle SApana oe alae: geil. .w. tes. tc ates nance shouted s<teeac oe eeeeteoatas De Cle" 
INEASSEStaAL BD CaVieI DAY sec. ce sarcateset se nace seen tae TX Sil XeULO Seles 
IVINEITES OG clio scetaeseechec at cs cactec seecbesedan. tac ancee tniawe Mocieneceabscmaito tans XVIII, 184 


INT ae AWA Litt EO tees eae ceca ees ccctacenacestco antes sdeaceotesse ces cntuestees XVIII, 166 


208 TWENTY-FOURTH ANNUAL REPORT 
PUSS TEMS 2,2 rp ceneeenencncoe eonor eoerepree ee -eneee Rentt ee XVI, 87; XXIV, 65 
york 0) hy ger ee Fe Pete Peasy Se at eee eer So EE XXII, 76 
PELALIO fy. LO VAMIITITGI@: eo7 ois. 0. os oot che ocesto ee ooeeeeenniaees XVIII, 44; XXIV, 24 
Pelatiou;to: the ) Kew atin: .:icstscouctesensssenceereeecte ete tee XXIV, 64, 91 
ROU akG 252-05 onsce we oon oenaeet ance <nenen Rouen eee eee cee oe a XX, 67 
Silurian metaphyr of/lake Superiots-s--.---c:-ssasee-ccce--s+s-c-secareneaee XIX, 114 
Wiisichel lakessc. cs secetcces fs oto cese ooo eh oreroe rite eee ee XVII, 174 
Gablita lake, feldspar msASSes cee -s- cone cecber-secne-Vaereee hep’ chsceeptceseohe teens XXIII, 228: 
Gabimichigami Lake, XV, 167, 375, 378; XVI, 89; XVIII, 186; XXIV, 125 
OY wed OF eS OP Pores ee ie PRE Pee Bob 5 ARAM en lee ME XXIV, 136 
Galena Limestone: 
AYO eas on eh SE ee Ree nate Le I, 104 
Beonomical: value: 72). icxicsgekc acsscee ts den ve dag ta ho tastesncce aaa Ty hOwv 
1a ts hora Cire Ty apne Re oe Be Soper dae etree eeecpee Sse et Re eat IV, 103 
illMOLe Coe. ccseie sos so esnnce sseecnceeanmeracsasannons sacane seh cer nas nocn Reena LV yi3 
Olmsted Con betecbeck.cncdeves sccacsgcctaes cucdevucaue tocapecss custeateseeeesceae nee TVy 298 
ASA eRTEC SBR co vntyceccasess acepeeeassassdevstereteteces gens ras desearasdeanscecs~staee eee ana XI, 14 
ar dedi Valle oe Be ice sas  Necceoo en ease eae eee eae XV, 672 Kila 
SATO Eee Esa casters da sala se Santa ts Dawa og saan ae noha cme en ope coon Dames cc wae oe cee XI; 20 
Gar nets arp SW CISS:c.scoe soak tosedespctonacces-bacctecespensteredces Ssmnacereereee =e nes eaemenee XVIII, 127 
Gartison, OLE. Acknowledgements. .:.....J...0.-d-+c<.-0cess-4oeneetessssesess-eeee neem D. Cre 
Report of the Upper Mississippi Region...............ssssssseessceeeeeeenee EX, 175 
Gaskkatras Walk e220 sob aetecaeseg ans sures caecte cracee recesdeeescsherdetett seer cons econ eae XVII, 173 
(GASECEO POU Aire speennnmnaneraesnceest papansnpieraneropssenpeete dete sassSenee arate cashes ee XVI, 489 
To wer Silurian vets: ctesccscese vores ceoceee tee ee canes eee XXII, 3; XXIII, 2 
Getkie, Acchibald, handed pablico..-:..<<<-<0.2csccacsesacqcssnw prec detenconbreereed XXIII, 226 
del? Sco wer. CAG DIELATIE LIM 5-0 os soe anes ese qherscatece trae foive pope he eee eee ek EV ep eS 
MOOD AE ANIACR oo oto sans oem gce tu stasoee beens tan ve Nesey weap’ seh ontdnoncBenoetocdaaa Fares XXIII, 192 
General Principles. ..............csacsccceccnnenrnensaneerennnccseononsens wa shagsuuardevnense ayaa I, 40 
‘7 Npection Of Mesabi TANGE. .:.-5.2.<.5:cte5ks -pobestesesase-stuakanaseurn seein XXI, 88 
“considerations on the origin of greenStONes...........:-seeeeeeeeees XTi 329 
“features and geology of Rainy lake............-..-.0sssss-onsesseseaeeess XXIII, 47 
Gentilly beach, the higher............::cccssssseccceeeessseeesenenseesessnnnsenesenseseesoess XXI, 75 
PH VO WET ene ees cedcsoe cnc capaes beck shonnt seis Westin oaccsen3 eteeaseour teemesr ene XXI, 76 
Geognostic observations 1n Mimnn............cssssssecceeseeeeeeenenssseeeesesenereeeeees XE en 
SUTHEMI ALY ~~ schon on-n0-ceenosnanctiosaeraessshehabepnceseesasnanaseswaessbaa-eaeeae naam D.@ 8. Gn & C-) 
Geognosy of the Mesabi Range,.......ccccececseceseeesssseesssesseesneeeeeassessesens XX, 118 
Geographical method of Whitney and Wadsworth.........::.::s:1csseeees XVIII, 67 
names from the Dakota language............:.s-cosscsesooccoachesseussbuped XSITE ee 
: as 48 Chippewa language..dis.cptesceteioeaescnns eee XV, 451 
Geology of the Minnesota Valley......cccccccccccceeeeeeseesesssseeeesseeeeseeeseneeeeseetenes II, 127 
Geological history of the northeastern regQiOn.........cccsceeeeceseeseeeeenpeneeaes XY, 1935, 
Beer Al MAYJ....ccccceccccccccccceccccncccecccecceesensesedacccccaccuscserssssvessossasaans XV, 382 
notes by U.S. Grant.......cccccssersssatonscenecsisnsssssenacesenssoss XVII, 151; XXIV 
provinces On L. SuperiOr........ccesssecccessseecccesserecsccsssneeessessseaesenses XX, 187 
Society Of AmMeriA........ccccsccccceccsscscessccssceccescccscnsessassccscesevsenss XVIII, 47 
survey Of northeastern Min........ccccccccccseeeeeeseeeceseeseranenesseseeeenes XV, ‘13 
Geological maps: 
Dodge CO.....scssscscsccccscccsssscscscccesenseeeseesensessensenneossssenssesseasevasssvnenss 1V,, 96 
Falls Of St; Amthony..ciece.scsesiveusscedack-anbpscopsnnseh scbesacesackogakbst V, facing 156 
FillmOreiCos discenssessccnsincascpsepasopsbescetnestiisctivisyeshvepenyionsibels IV, facing 12 


Breehorn.COssvssiecevsbodcsspnccsesdonnerasosacdebsvoncewatebe ehdss sdckiny deep sathsts aaa III, 48 


& 
% 
‘ 


STATE GEOLOGIST. 209 

> 
OUST ONES On coerce cr sntescc isc esets sentensbi water ee ianicesBeue 2. Mucvdedres des. V, facing 8 
iren bearing rocks of the northeastern Minn.................. XV, facing 208 
HR eanvdS MWR Ie Rsehast aar'ses caved .c ace ctrce oadsdsecseneapareceee aes tteesess toy No TACINS 159 
AVA ta Mey ah SUUTTUG NAA Taye Mes iat ann eee dac cece tebe wu Stee Sete oo ea aeeh ch seadeeee cet es TA20 wD 
IVS MESOEA = cerecs sco cones ees 9 IV, facing 12; V, 8; X, 200; XIII, 64; XV, 208 
INTO WET EO rae ese setacetse Sasevscatecsaiacadosadeetes scbeaeateeretterehe os Ill, facing p. 166 
(OUNa RES TOG CV ee Sancti t COHE SEG EC ERC OEE ERENCES RICEREY PEI Peres eae aa IV, facing 74 
[P/E GTS sk Ae ae i VP a IT VI, facing 66 
Red MieipeSsEOMe . QUALI s.255.052.5.tccaetes oor see sane eeeorsaeeebaes saeco es VI, facing 97 
region of the Big Fork or Bow String river.................. XVI, facing 392 
Roackqan dt BipestOne iC OS s.02.c:0 ss e0ec.saacsces nese eRe Nese ee ieee VI, facing 93 
SECIS COS Reh alts RSNA ons nese PRR er once hee Pm AER IV, facing 106 
Th.” SGSR SOWA OS TR ae Soper RP ERT Pe er hc Sarr op ae air b XV, facing 312 
Geological Survey—Views regarding the iron OreS.............ccccececeeee eens XX, 114 
SMA EMUCH TCO NOT 20 ost wna 2p vie gh oabeaeepeucech wena sede aves ais seas XVIII, 106 
JP CV aT ye Nea y OEE Mey ae tian eas are yt en I CM gn LY XVIII, 105 
\UGLATI COTO Baa sca SR ee Ree EERE APE ET SecP earn Sa iaehh mena ens Atel BCE XVIII, 80,96, 98 
LNT SWE EVES GW | SSR ae ee eS eRe Ane ee ea) XVIII, 80 
Mitimaes Ob ar wallleryi.zs.: eos tetaveces ates can che setede eerat coe oncueasteeeaeeo ea ees Md iS a e27/ 
POTS CONS Eg stc hoe oot sha ws Seno aR ora Oe Lae aS Saleen ae XVIII, 110 
Pr reh OMAMVE TAIN OME ogo oheeec sat ccccy ss taceees deed Shin uets atures taveeseben es ae te XVIII, 79, 80, 81 
PUNE GH COCK SOM scecsss.sscenck se oeecee ces Dee eeE Re ae atest eae XXVIII, 89, 100 
Bese ea UCU Che nat stat cck Seba casa suetsece tao taleis dae eh she mdamalaaec tac dasct aes Se caceeneet reais XVII, 178 
COTE EG |, Neng CETTE a eee per ect oo EPe RAR AAD ni Ret cg ei orien, ae bn te XX], 42 
CPIDUAME SPENT VE RCS So Ge area IR co Po ect A Ss BME ne Ea Ah XVII, 81 
CAMSCTONC MERU Mb sso. ssvecn ett aeece ee tcousnas se cence ech scot eee xX, 120 
eles Oame Le Up lifts. Succes iachc act aaunsowsee oth ae ctcae tees setae cae eeeed. we RO MELO 
formabkion South of the ranges, 2....c--<<<<:-2s8t-eo0eees XVII, 133; XVIII, 184 
PARAMUS. decane csan stot sur aa etapa stent mesivieess seco NO LOO NI 28 431 (3S I1OO 
Ginns, G:,onlortmorpraphy of Indian’ names....:...0....4<.cencer-ss005--+- XVIII, 210-1 
Cilbect, Gk, cited...-- Eft i Hoe NONE SS, MONI Os Oo RONG elorp leer Ae uh Sele 
Gilfillan, J. A., names derived from the Chippewa..............0000..0005 + eae ee aN ae oul 
CC tuialeamaee | e o, WoIEL Mtr OG UGE. kesscki es ccsssce sk scc svase ce covcesscotessces tovveattestadces NGO Er sels) 
Allergen Omen, \LEStS OL OT AITICES:. v0 vueesccsoates tend sts coker eeseds dees eens XII, 14 
Slacaumarks nearbokerama, Mallssi...scsae sees ts holc.ncys esate seneeseee DVAOU I Sales 
lathe her Mintiesopasvailllevesceee--cescet coteesst eee IDS akkase) a bres: 
ATS tN GUISE ETILS: Recess dan tae or ch eis coset ee see eae Te ee Boe mcintene ine OT aut eeanegh XOX nk 
lg hitiipecn eae Sots oe othe ote a MR BGs oie ISIE SO i eet MXIT. 30; 71: 
LEPOLEMD NAN Via LOCAL PATI senscaoteee ct eet secs.cicsbaabe dae vaecd meres XOX les 
STETHE DS GON eaten nae I ERO nn OL, ing nae eh aa Rea nc ROVE SSP NONGI an aioe 
TELE CO SSCS) Pika” SANE Arh a en Nes Po anh See ee nN sole oe mae XXII, 31 
Pete nOChe OfeeChevA LP Str c10 52 i8a-snsesee esata rae kt as thaws hosted een. tate Pees XXIII, 193 
deposits atchatny lakers egecp-recr cet ereee- alban eSnasueo ese Moe eeeTEG See XXIII, 69 
CAINS LOTS cas oes den oces tate Pose ose teed epee ps si svcd se hosed eee we Le ERO AT, 192 
GOP Crm tas casera owteees aise pp siepicerc se tects BER ee) snall Selgin mee XXL, 192,193 
URC Re ease oa och ic Cea EA ate ae ean ie ae Marae Ei ny OL DONT ees 
MCASHLEMeNt OfjpOSteclactal pn-c.-ss, .pos-c7-casseteee seat Fa oooh eo 8s 6 LN ie Sa 
SOMES seer see easee ace weno pena ce oe zaces Sache: Aceh ns hetreted eape rR eGee EIT OL IL NSS 
So Uipiiere Wand Seca tre \7 2 sca for ee PR ae ae PR eae XXII 68 
Siipsicence On theme we amrence DASIMM: .2--228o:/s ste; se.0-0-os0. 0 de/ UI AO 
MOM AAC ORLIT Gree each arls tens at eee sh donc sae cancunta hens ocdstestostectubtnenee XI, 24; XXIII, 212) 213 
‘Glkemia lait: Sefelllee a Bae aa Recon Neer rer cea ree canner MISE Tne i mice Bien mee ame HPA aE O2 VI, 24 


ae ” 
eat 
sf 
210 | TWENTY-FOURTH ANNUAL REPORT ie 
‘ F 
(Gneiss, area of the crystallinges. cao. corsccrescesegecpedeern -oreeeneny terre eae ee XV,177 . 
BenbOte CO isis iecescenttecbeeee soe eee Sas eet ecto t seals das aetet eee eee IX; 282 be 
Black. © ly. Bary 2gecdetases-Martssscivy biegeegeumteneete eet ngce- feocnstere een XMie 73 of 
containing mica-SChist........:......6-sccesse-cceceevereneonenee X VE 447; X VIL, 120 a 
Ate oie. i Sete os ee te ee ee Sc KV alg } 
AiSCUSSIOI OF OTIGIas esse shtueos:chesenctenseeeeen eaten oes XV, 199; KX Vee 4 
Eel ow’ Lea eee eee Beri cc See eRe a ee aces oeaee ss. scdoee PP XVI, 446 
Honor; Red woed Cos.c. nice soccer ene XVIE2"22 ~ 
MiICACEONOLMBIEN AIC. .c2\.s-.e+-eceeoe eae esmewanaaense taal ener erere= sceeneeees XVIII 50 ‘ 
MOSEGE ek ts ehh ee ne SE LN cae XVIII, 23 4 
nature of the crystallines.................-. Sate cons Sold te? ecu a eee XV, 176 : 
reddish Poppliyritic:::.....<c0 variant ge eer eee eae eee XVI, 104 4 
Redwood: Pallsic ee wile Ak. ore. seecentaneettosaeetee clack eases -laenitas aera VIII, 102 ‘ 
SYCMILC......ssceescesscceseeesneeseeesesseensssessesecssssssesnseecsssessesseseseeaseseens XVI, 187 
Gneiss, Of EmmMons..........cccccccccesseceseceesececesesesaconseaussscesenscnsenses ssstey XVIII, 69 : 
views On by Hitchcock.....:.cc.css-sseseesseseusernveosonneeoeserenas XVIIT; 93;'98599 A 
fy! C.YH. Blizcheotke:. £047. ee XVII,158. 
et ee ems: UAE XVI, 197. 
Dy LAWSOD........c.sccceesseserecereerenseseneesesesnsetssenaensnscnnreenees XVilL Zi 
Gneisses of Pennsylvania. .....05...:..00.scccsennsenecneseteracssecatensrovoonsers XVIII, 105, 106 
SE WaGene okt Cio ee + Tice poe ee XVIII, 158,159 » = 
interstratitied: with SChISts. ...2.c....8...cssr0scnesseeassensceceeornst XVIII,158,; 212 
Of aM ACHIG AT 2 iret oo cose casepe rwotnnaapeeacnmer oases aeesanlcn gt cabo Became XVIII, 190 % 
age of relative to granite, XVIII, 213, 214, 217, note inclusions in 
XVIII, 217 
Of Kekequabic lake.........s.-s.sscsscesccccceseorsnsnreccsessasassnnnseasesconcenana XXI, 35 
At Potsdam Ns) Vi. nc dete ceniore cgecscevewacs Sandasseuetngs heeds ee XXI, 103 
Goar, Josep1, well at Morristown ...........::ccscceesseeeceseeeeeseeeersseesenaesenaees XIV, 350 
Goethite of the Mesabi Range.........5.202..0.2.0..c0-contereedaeceessedncenersseteeenam XX, 136 
Gogebic Iron Range, samples frOm.......-....:ce:eeseseeeeeeeeeeeens XVI, 54, 119, 185 
CISCO WEEIC SL sac os dolce das cou pasalean sees Seva paces aide wcetine sean kd Rt ROe Beas ocean XXIII, 1387 
UEES. hc a ee Re ES See XVIII, 156 - 
SHiPMENt..........sseeecccsessneecessedeseceesseersesenscssencssenseresarensanessuens XXII, 215 
AATCODLO TENLTIES* Ole toot seek to Vasc eeane eens ewe peee es ee XVI, 58, 191; XXT, 88 
Gold, assays Off......1...csnccessosasesesssnnsaeeseunnacetessnaons XIX, 121; XXIII, 79, 82-54 
discoveries in the Lake Superior region......... os edathan See XXIII, 146 
Bill mO re! COZ deseo diccousevsoodh couceten.cs4de patent de catsassdunese fas hee ager ann LV rw 
historical sketch of disCOVETrieS..........0...csssccceenesoessenevesnooes XXII, 43, 146 
Kewatin schists in northern Minn. 20... cctesecsncntsvenuaens XVIII, 19 
OCCULreNnCe ‘ANA ASSOCIATIONS? .<ci2.co.Fe- sksessdeectsdeceenpstdcncoundeanemine XXIII, 38 
Olmsted: COs ieisscsdesitcdeceeveedDhesehecdsvovceue sotees de omnecethenees¢ciieeemmnanmn—nn IV, "95 
other prospects in Minnesota...........sceeeeeeseessseeeeseeeeeeseeeasees XXII, 101 
PLACEL ..eeeeececseseceesesseeesseeessneeesessaserssaeeenenseeenateseeseesesesenenaaes XXIII, 39, 41 
Rainy lake.....cccsccccsssescccessnseeeessseneeeeenscceeeunsssessceesstasansenenaens XXL Uy 2; 
report on Raimy lake district.........sscccccceeesseceeessseceeneeneeserenees XXIII, 36 
BOlULIONS. Of deb ip daass sap ohes tls tdiwas aki ecebethen teadecess xnusdes aqtey At nenan XXIII, 42 
some Other Gold mines..............:scseceseessesetessseetebecsessaseneeneres XXIII, 89 
VATIOUS PIACES.....6..sesrcsesscseoressrecsessssacassenessrcareneeteensenssessbaesesenees XI, 12 
VEINS ANA their Orinda ss css asedeccpnacdevscndanexecowscpesssspsbvaqes vesmsatee XXIII, 40 
Vermilion lake,....:csvscvcovsinssvydosvecnovssgcdecMavoeovestaryisess VI, 23; XXIII, 146 
Gold mines, Big AMEeTrican......sccccseeccceesseesesennsareensenuersceseasecssesreeses XXIII, 79 


CoriteritiOtiosssccossccssevevcsssscesesnnedonceshsonuasiysyeossaiepsespunhaskteathiupaa XXIII, 38% 


nT Ts ae 


— 


STATE GEOLOGIST. 211 

BEARASE CG ea anes seta ag pelea ee sense tater ed esse va Pecks foledare cds cties agen k ROM ALES OE 

FAM Yer Stas aeelacescoacssencvenaseoensen ceo vententsescdecsensacestoses sesedeestessee KR IIT, 83 

TLOMES EAC aio 3. seks cces seit olan yeescendeneedhssaseuerergeevatdetsspndbeeiserese RTL, 90 

RGR Ney OSIAG AN. A 02 Noga tcioae enn a0) 9 04- cde iran shdanns viet Aves coreieacdind OAL 4s SZ 

i Lieve (il toy 57 ss oe ie coe eS ey ee ee a RMT he Se 

WEI ene teed eterna enone = Svs on cnnn snd d sna nea aaneecien Peaek ooss sab livivsaa sek MOTT. OSG 

10S LISTS Sc ERC ERE OS eC RE cet, RE Ae PE Ean 9 1 84 

(QU IS(O1 a BE eae an See See Pes hee oh eMC ie a XXIII, 80 
Ropes......... Sec site 2 spe ee a Pen sta Meta’ Seg Gdn ea Yo. 

WN GeuCl yy Ch Uanwan- carts nececccnes eres tees <tot seeks ictie Mire RG lea ee XXIII, 39, 90 

Val They area aa MES A ats ner eR RR oar Rete 2S aie oop eR Ae DOG IU eretesl 

MBM PARTE SERA Ye 0c 8 25 c ns aveh sdo cto ina caseccd Asoo ceeded Sadesketn whewdea woes XX, 208 
Senge, Cora E., Donations to the Museum.:..::.<..<<c0sisceeeses05. cesdsddccnscess XI, 183 
Zara (COW eae Sear a Aen Raters eEaEn Any ait Nie ogo a UN ai EN WAG abet 
Goodrich CFEC SOR pF RN een 7 OU ee ee. GRE MERINO) 98 
DE PRS LES Se AREER a ae a ree it ea Rea XX, 340 
Gorge, Bate MZ os sean esate roe a th on oan caer enataeteat a ae eran ee EEG ts ee ORO 128 
“1g, TRCLIRPIY ST ea 0 ia le AM ies Pie opi ae NOES & Sage dN yee ara ae RA Shas E22 

“SE DIETS: LRT S re ania oe nee nl eer A Ne aE NS ole eT Sa i ca XVIII, 134 
"EF OVE TREATS Ge IN AOS pee it a ee ey Rg a UR ee UCD MM X XI, 106 
Grand)Portage..2.i:..0...... IX, 61; X, 44; XVIII, 175, 176; XX, 249, XXIV, 38 
Rate ttei lO LAE Cy LS LAI GS: scocc.. saue seat ce oedces coco ies oe Re Ee xX, 44 
SBCs Selo SRO A eae ees Nee ee eel Ua Male Wel Mes ae ERE opt XVIII, 131 
Grand | ETE LS oh oO RSA era oe pear ee Ee IR DE He PPR LR RoI ( 49 
Ree TAC TEVA Stoo e rns sos oz cocece costes efevace tes teasceh jot Bak X, 64; XVIII, 178; XXII, 3, 50 
ehenicalatia ly Sis! Of waAtetsce: bic eaten ee ee ee ME AA 

GERETT CRUG et See Soe Seer ce Se caste echo Uae Sheree ace me. XXIII, 194. 

re CHET E On Crlt 12h balta told KO -oa.cecaceteers eco, coe ae oc ee ee es XVI, 60 

MERU RE O CER AE arcs de yt ad oot at sche ht eon oee! tok: Me ae usnc De ene a a XS 53 

PRTG ACES aritccccs Ses tncsse sana eac cra aia Mac Reams he ae XX, 213, 245 
ace ae dso ra cree ent deieiataadstinsrioeneondieinnze XW, AN, 432 X XID, 206/208 
PAE SAUCE eececcetate = sckenoteccsne sc sus cuses esas teScose sec sie eae eae XXII, 155 
PMEERD LAMETLTELG. 22.5 Sacto anes Da aie decker s ho caae sh octave ee XVI, 56 

[sre iG ote Se iain Side dob ae aes SoP) i ari Oy ea II, 197; VI, 44, 108 
eharacrenat Michigam ines mine: ese see: se scoke cease cy XVI, 49 

CULE ACEC. O ites cans gh shc oes rastaan ce MON ences cee h seers XX, 37; XXIV, 5 

LS: SEF CSD RSA eR Oe eV eR a a ai eR SB REV, SG, 
GESERIDEO rete eet sees ee cao sce oe Sih ene ee XV, 40, 46, 194 

| DESDE) cy WU A fo cars Ar cle ees SiS Nel os nie a eee Cee FE «J D.@ amrs{s) 
CEUPENVE MALULE!.\ce0 25... ssecas sco cassesee XSVULT, OO, Ast Nee ele palin 118, 154 

USS xan © Ores cca e ces cc eee ctaos Sec 2s Hes erro ie doles cence dees ee 200 RS 

Mel RRe ALI ONS Olsen te esctoniocs sone ect eaoaek oe eee XXI, 36; XXIV, 5, 43 
GUIGV OW US are Cex ie a A rch RO ee a A RX, 122 Xe arg 
HOME NGIC oso. sseneeseenenneansasersnssaevncaestennestaccusedsesnsesecsncesrentt XL 49 

LEGS Fara fs ga yee SoS ek oe ANE I ese REM, C2 OE SS. 

CaN TCE Mayen 2 RAE ok RO oe eR BR Pca ene, Sa XXI, 43 

TEE Sel ES ES UES ne Oe ae Soe eee ER EE ERR OR» UES) nL XVI, 447 

MPT ATESO PEMA ros ehh te Sv; code Fe. Seas shana cadac Seem sae, VIII, 98; II, 160 

is EY SOSS Bia sa 2 gC IR Seen eae ROP aes Cee 2 28.107) on A Ne aa VI, 46 
WHECATNOLP MIC? OPIS. .52.2-2<<e2ea-be cose << XVIII, 99, 100, 197; XXIV, 6, 43 
OCCUITENCE «0... ..ccssesseceensereseerreseeseseeeetscersessssesesssssssttteseststsesees XT, 33 

PRD eee cath Tae reve rde ou Sp bse cbas seat sess suesettedavongseyon aX Le HOM: XXIV, 5 


212 TWENTY-FOURTH ANNUAL REPORT 
parallel SEPUCE ATES A.C. 225 soe an. nevanve ce an ctasedsdaebany seret onde? XX, 16; XXII) 34 
DCLOLLA PHY Ol asics. sosossenccesenneol-chant sxtpapesantmare sh Cey=racenpr=t ere eee XXI, 39 
PONIES oe epee enter Bane one Fe Oeste ne sone reer ee ee pagar XXI, 49 
HSOCD UM ATCIC: fs 58< ccbaese des cots -vo.30mchy sous Aemaren eer ates teers. cae g-----X XI, 49 
IPipestoneibarcy Mac) ..c. «--~22.--npaqc-seres oe ateeen eens nn ee VI, 108 
Predaced bry Pietsie tac eae. 0555s oarpe aerene sone neta XOX LH, 355 ae 
Becta thy ed Gre pea ete ooee ses as =8 por nm h = de opens eee erties XXIII, 53, 61 
Fecomposed, OalkemoLckave:.. 4 sivce ty ccaccessameeeetee: weet kent ee nhac are eee XXIV) PLS 
relations to Contehichitips. ::..5.22..tcs22s-tendedese-seseses ssas8ec-baea sects XXIV, 43 
Redwood Pallsiand (vicinity. :..0..siesssescesseusecases os ddenanies<220--aaeseee VIII, 102 
Rock Co. (boulders).......... cep polka he Root AAC meeRe eRe ese eee VI, 107 
SUCETE mca ez 2) oe ea easing es es et XXI, 43; XXII, 70; XXIV; 47 
ET eins (2 ney Bn areeee Pe cree einen ay Se SL eS Lt Ce XIII, 11; XTX, 90; 
Shoaliand :BadéVermpllion: lakes: 22). o sc. seaseteewasteaes XXIII, 58, 61, 81 
Snow bank Lake. 20 s.22..cs0scse stsos saccatesscestesboeWsarevteasas XXII, 1555 Xoo 
SEGUCEHT ES Ofes.cesecsds cdscoctsccesss+tccbbengececsvesthos-otccotna snr oh: aneGss eae ee eae ae 
YEN C 2a. nce pdannto nas sendansis tones dgenaneberaecenrneesa-ce sins eageen mae ar Secaeeae XXI, 37 
_ transitions to Slit OUNLGIN O pLOCKS. rest s--s heen seecees XI, 37, 51 eee 
strength Of Minnesota... <..csc-.,sevacers at setetencerss ene anemenacten--eo scene XII, 14 
Wermiliom lakes 2 io55 oie ois Sock caceocse sien does tb savece acer eee eee XV, 292, 296 
Granite City, Morrison CoO. .........:..:.-csccsscoscsssssssreeceeneeceseenenssansncaanmencsaaan XI, 93: 
BS ee a en ear ye pee Be ERPS eee ose. 2 XVI, 226 
Granites of the Minnesota’ valley. 2... .¢:..--css0c<-c2s-ceesee 230s .sene ssa senasteaeeeegeee II, 160-— 
Granitic and metamorphic rocks. (See also metamorphic rocks.) 
RTCA coo ake rE odie st aaa a Se tae abe eas oe LEE ea I, 64 
Big Stone Lake...........::08-cceecesececccscssensscococcenceeteesecsnossncnsecereuwmeucs IX, 239- 
PESELIPLION Of 55.505. 208-50rno-cacusPednoncossnoesthetoteeasetd ace beeane aes ne I,» 4253 
Beonontical Valte....22:.<..2030.s 0s sceceazesesevdesech aauoneons eso ee 1, om 
Witholocical Characters, ..1....202/¢..-0-cn0y04-02trootean tee soee =o eres I, 65. 
MiairiesOt a’ WALLEY: + 2.<-nc0- szescceb-oxwas. sop Asenapasoauonty scar eee VIIl, 98: 
Vicinity Of St. ClOU..........cc.ssesssrencccccceeecseeeessnesrecsesereceresennnnencans XI, 33 
Granitic group Of ROMINGET............eceeeeeeesseeeeeeecceeeeenpeneeneaasenerseeees XVIII, 190. 
AFeAS, ODSErVALIONS OMe........00000sseeeeccecececeecccccneesecnsncereereounenresvas XX 
Granitoid and gneissOid rOckS..........-..ceseccececeeeesrsrssseeseeeeeees XVI, 330; Xn 


Grant, U. S., XXI, 3, 16, 28, 31, 42, 108; XXII, 2; 4,23; 24, 36787 Aa see 
15 elo6y Lor Sel VAS ek Oe 
ARSISLATICE 1 WEMEISTUIL WON ser scp snot cosets onto sbaretraceane XIV..9 > XV,-22o ae 10 
catalogue of rock samples collected, XVII, 193, 201; XX, 96; XXI, 
59. XXII, 79; XXIII, 229; XXIV. 


Conchological MOteS.............ssccceessrtessseesadseccnscessesesersendecescnnndbass XIV, 114 
direction of a field PArty..-:..5.s2--n0iscscteasescesreseepsoncbsecaseneaseeraneen XVI se ee 
EXPlOFAtiONS ...0....s0vsendrssssaesedassace ens XV, 270, 386; XVI, 76; 3 Vig 
field explorations OM QramitiC ATCAS..........ccceeeeeeeeeeeceeeeeeteesesceees XX, 35 
notes on the molluscan Fauna of Mimni.............csecsceeeeeeereee wooo VI, 480 
on the geology of Gouverneur, N. Y. ....c.:ccccceeeeeeeeeeeeereereeeeee MT, 105 
preliminary report, Rainy lake gold region...........::00-+XAIM, 36 
record of field work, 1892-1898....... Figancaten ped meas sh ie ihogige ey XXIV, 85 
TOPOL .eeeescsesesesseeseseeeessensneceeseecseecesssssssssnsatsensersneencnsensaaanseeanes XXII, 67 
report of northeastern MiInn, .....ccccceeseseesceseeessseeeerseeenteeeeeennees XVII, 149 
rock samples collected im 1898......::cccccccccseeesseseseeeetersennenenaess XXIV, 145. 

on geology of Kekequabic lake.......:ccccceeesseeeeesstereeserees Xl eo 


Grants peak...ccccccccccccessseeesssseeesseeessrsssersaseeersareesesseseneneestnaasassuescganeneanees XVI, 326 


STATE GEOLOGIST 213 
Mer UPA SINIMECR COLIC Se tee cee ete so csculs sar ocx doiobersusse as eeatwenasstce tug tees XVIII, 99 
Gsanglar quartz Of CACOMC.....<2.05:+--..01+-+>-0te2 MONAUN Dsurey er (ser 7lSh Ti Tiy WitenTOs)s sto) 
AEC CONG Ofte ee se eases rise ee sete n cee waet etter ida ae aeeene cen roaaradee XVIII, 99 
Arar Rye ewnCl @Lithe eweesescne ee tere access teestssvoccccscssuar-naseces rss eudasatiacedcavssvedépaves SOV lis 
Preteen LE EAE DOMES OU. 520... 0s (cesosed te ontresste alt Coverage danrcseeecgasecant on aces B.O.G ail 
HOMEVIGENCE OM OLS ATIZ AtlO lass -.cecees on ee ne ani ccc sce oe veiee esse eas sei XVIII, 149 
PeREPE OEE plfAR TRAC OEIC 2 cs nccs’ 22223 en. mo ckasaae tas goases ase asthet soseeancetuggetees XVIII, 79 
‘CarDSSii TEAK cccciove od besusa oe eee eI ROS EEE Osa aeaC Br? Bch cccon Te Ae BEBE nor sbopeaebceocan XVIII, 215 
Slim cleatiny lal emesy: da. 238s skee Seco eda tect esasae cirwwsl ce an teortaceea XXIII, 64 
Veale Meee wre Reale Whe eos c et Adee esd nance nd take ctaetes Toadtonaus sees XXIII, 66 
Baraineall RATE VOLE EE ae a Laie oe ain Ma cP me tis DOS AE 
MGs Atege bs Stereos 8 ee eee Ais ee co ies decor ar baceacepaeer cas nemaassseete es tees ete sate Sock OOO Nea lisa! 
Re SeAnvan EAC AN) os seaces se oon ots sev es s0cces scadecunacuretnegedsocoeer tuck «/nataiaPondierendiriennesencasn Vis 
(Giranye TOF: SeRen sacha een ce scene ane ARR SRnRe Ain eos kon eke Roepe oeror eur Cc XVIII, 75 
Gray sandrock of Lake Superior, XVIII, 98 aad note...................... SEV Om 
MrTerVaNMA CK Cae tcth och ecce chest ceccocneeesatseaaeses XV, 173, 237, 278, 283, 300, 305; 315 
ISIS TSI ore IEW ee Be ee Sacer Hpcacabraos oncbacnseedconose HoEcosniaccnceascucccane XXI, 21 
INTASSACHTISE EES corso sees rced eee ae ae eo eatin n emaes Gates me de XM VILL, 192 
ARITCO MLO MILE Wiacs ac. cost ars acest eeaee etoan rece anos ae eea sono lant sak cua sacle D.@'A Fer As) 
Reece ACN GE OKO Cs: scaaenas sos uec ease se cedcaades soak eae tte cue eee cne seme teen eee ea sineint XVIII, 88 
Ree a KeS tele VALTON, Of. are stt sso aceecaseeta re renee at eaneeabaercoe sanatudescaecauees WAI 8 IS3 
(Garant: TEASE FS iat sey meee ean Re RE ap ne ae UA Rr a eb 4 DOUG ae 7 
MEGPETINC HL ORILIC SIA LES unite. sleet deate cates deatag UCR Tar eats Leones basa n dak Secale dee alon Ae XVI, 16 
Green chloritic schist congloinerate of Lake Kekequabic...................+. XVI, 107 
RECMISeIIS i Olli ale IREKEC MADIC.wssecders: .tetteces oss sne snes wssseomadeoe uersec ste aaae XXI, 23 
ie STi, RE B18 een ao ate ee ae a RP ahr ERE ABO R ARE PE Ae XXII, 116 
ITO UMT CAME Stocks setecs cece oe deten esse edsweeee semana en Me ceee XVIIL, 97,109, 151, 158 
Greenstones: 
ATOM OLOMSHCHAL ACCES: Oksseesei ee aera ede cones Shale Peete dee nee cate eae a EAS 
CO eB a Rr Re De Pe a eee RP Reena May Mere ee acP al UL Os: 
Sie COLO PT CaLOLTAtl Gare s cas= acer ae aaa eee ee eccte one abec sates? OOM ee, 
PETELALCONSIMerAtLONS Olle: sss y cease oresesce sates ee nsce canes see De 
MESASCOPIC CHATACLELSP Olt. seer oees-nscebeeedecactr suede ceteaasenereaase XXII, = 22 
HINECGOSCOPIC CHAKA CLES) Ole. ceae sae eaeaat ademas wens nae saaisaieaaraeon >. GRU V2; 
Oniotnnot pie: vai, Ch eartyscesse:sscc-sheerenes tee vsa¥e to ssa suseewas cer ondassedes XXIII, 4 
ERAUSTtLOTMEO On All bese seteteec sete ceentree: shee ber caes-aoomssens soe -weeacneess XVIII, 89 
Greenish Sticeous Slatesvana, Chentsicc.c-c-tesgeccaccccns 5. dues seceaetun tect astessss= XX, 124 
REGRET PLL ENS CS ere Makes aces ee Se ie sme terre Min raken Mhmausecatan eon E ents XVIII, 154, 155 
Greenwood, Geo. C., testimony regarding an allOy..............0c.cccesseeeeee XIV, 324 
Waller een see cme ate cn eases aah a eveee s2etee cae eteces See ees cone soeaee ot cate oda nthe ER UL el oem 
TARO TUTE utaca Suaze sare ce a: Caracas se orca cee eee ieee dete oot ecient XXII, 143,170 
RE Hl Leyes AC see ser ad sates waste ce coats weet oaks wi cob aed castle bake sbo tae Sone Meee <aeonee OX IES 
Aer tatihea tl dle WW CLEC asec ees cones ct oe ccs. co$e eek cae ek soos coe licaeawus a een a ote eed ee WINS SOLOS 
Mat TIE SME ITIP) ee ochee ossee eases ange aha cos BNE MCh. widiaticedenn vatades oaenceeaeuseattateees SOV LT LS 
GrMasbOnenSl ane yivamy; | ake vee s. teste, ccc snscnesios seen creates cuasesmen nee XXIII, 64, 66 
Crater iCeweraly elalke: ctscsc aces ase sct sober. anni se 1. ccsete he aeepasdeieeseceea. top tne ee ee 
MOS CAD car ewact acces tacoee ets wae ste Seder e wae atabes Set oe eee dos ays waaiae yw aataboo set see sa XVIII, 133 
MEE errs Mareen ae eR NLS cae de SIS Waa MUL Pe reenabi ces XVIII, 179 


Gunflint lake, IX, 81; XVI, 60, 65, 74, 75, 79, 240, 233, 244, 250, 262, 266; 
XVIL, 104, 106; XVIII, 177, 178, 180, 186, 204, 205, 206; X XIT, 

DO (Bye SOMIUE GOVE e 
EVO AER SIGE Ear Soe ee OO OP IPE CARRE POP EE SRB CoA EP EEE ena Pree por ee XVII, 200 


214 TWENTY-FOURTH ANNUAL REPORT 
first falls Mmareh:, 5 sooccstseecsencg Seae pO ecco aoe een ae ae XVII, 160 
BE COMO LEY hos nhcies bones ep levenetvdate shseaerepa sun aneshainigensazeressaaeeeny eee XVII, 151 
iron ore and associated rOCKS.......c.:ccsseceescecssessssseessceesseaseeseen XXIV, 124 
FEHCCHIONS ON PEOLO Bye sse. ssi benno sees weeeateeedaeesnsi goes «apo vades Tate XVI, 268 
SOCEIOTIS ose sv oecozcca tates cn tteecseeontasotee owe seacre ents eet stays, sane ens tae wees XVII, 152 
unconformity of the Animikie................... IX, 82; XVI, 69, 357, 365 
SITE EGS OSSTAM . 2ortcacdes Seen es ees sever wou ater see ecec Seana eet ace te ee XXIII, 168 
SS pret PASSE Se Suen 5» oars oe nena ee Aodemeee ce cae vances ep MR eran mea IT. 190, 202, 206; XiIp26 
SBE (Sich oe ee Bere eo Pee PE Ro eo ee IV,.9; XI, 16; 3a 
op EEGs ST NAS DAA Rae SE Oe pe Caer eta de Be XXIII, 151 
Haight, process of working peat....:. 22... 22ce-c0.rarceendenaecossonsevenden soso eeu II, 119 
derile ero hel east. 23 soe Foon oes eee anne Enka bens cet carla Spee see Se evens ye ee mae XXIII, 89 
Waldeman®S; Ss.onvlacome, tribolitestisccn-s.s cere et neta XVIII, 78, note 
Pale} 'T:, assistance an iron yiMines:..0% .e.20.tseegteacd atetee eee aace eee XX, 115 
Hale, B. T., and others referred (tO. 2cste. btcveeoene dee so sae sek ee toed ene OX aS 
PITUTIO Sacks sose ern eees Set cenese tons Nene cease ee san bot och Manas ne eacde neers XXI, 79, 116,119 
ETAL ees i Se. se roof sonae tection ons shah os nah soa elc laden Vevuwas sttbor corse gee dae eet ees ee XI, 16 
Evally ©: Wy. 
Acknowledements tO2.27. 225. ccccpe etic sides tae seca XIX, 211; XXII, 150 
Pie] d te pOrciOt re cioiioz sae canonstesngSteacenesecesennselteeotys peeeias eae ae eee VII, 26 
Report onsegion near Lake Superiots 2... 2 .-s2cccssts-0 0s c2e-es anaes VIII, 125 
Transmitting Roberts” list oft birds... 2 20-2. -t.+-e nese s-e sda VIII, 155 
Hall, James, abandons Hudson river group..............:ssseccssessseesnenncens XVIII, 110 
atvariance with  Barrande, .<...Js..c0ssstesccaseceecess tice coro eee XVIII, 80 
describes AtOps, C&C. a. 2.025. <A occ aacesc ssesatuat cae cpoven sot censee eae XVIII, 78, 107 
describes other: tribolttess ec. oe. op ane cee eee eee een ee eee XVIII, 79, 107 
fossils of the, Caletferous‘inuN2 Y 2000.9. 52. ccssests 2 ae X,130 
on Georgia Vtislates:. 22.34.2450 tis Meneectoe eee eee ee XVIII, 100 
On Quebec PLOW P g.>% oss cena te<de ws dasacae scabies tieockcess ov eres oeeee ae XVIII, 138 
OMSAGASUOME Ai; o ecew face news atte coe loes coe ohaeae seco as Ge rose ae XVII. 61 
OPPOSES) (LACOMIC Es ..o2. cos ede cnoas fn dbronsuckos due, onssctes e peaet geen XVIII, 107 
Pipestone Gq warny 220). 0-.2-abe supapatege coos ttee cas recssct oor pres ta. eee VI, 98° 
AEE he ois) arin eatin das Sos ht akcnws epliae suka pel socitee eae ee X VITEssr0 
reasons for assigning his trilobites.............cceseeeeeeeseeeees XVIII, 107, 108- 
WIEWS OTOIMEr LOCKS? .- 5 .c.:cyasessscucdensteicsccsssceter-susesteraee- eer eaaaeee XVIII, 106 
histsof fossils Dy gies. 2 2.2:fo syst ccncatecqeowe eetteasae oo coee ee oes eee X, 134 
opinionion the older TOcks.5....20.s0.-<.sactaac. esoenet esenee eee XVIII, 78, 106 
FANG VSIbE oo coisa cscse's-acscsncens seateccenesosascspetuaueavar=sadase-ccadcesevseasyeten nent XI, 25 
PIAL BIOC TUNG 5..o5 ents .ssens see t oyaceusexbors rvs s¥dee darnulceonede bt vita ean Sate ann XIV, 110 
Haminond, Axy.; analyses Diy. ico yo.c: vec- > sn -ncene eo aveeke caer ree eee XXITI,.203, 211 
Manawa Balls, (N.Y: seccscsssscssredseace dap dcente? os eegapituas teva ase te ean XXI, 103, 104 
Plates (A. Mixes. scccecusesscpetncssos ebecronderusersopouleevugeaee Unceeoy ates ena XXIII, 185 
Harbaugh, Springer: deep wells of Red River vallev............:..::seeeeeees XI, 47 
Hartford (meteorite) 2 Wes. cccisccssdesstheiicatscdccssaeuds dduvments doe teeans capa ane DG Bas 5° 
Hartman, Emil. Explorations on Ver milion PANO I vs.d: save cblsaceeene eee XV, 261 
PL ADEIEEL TAKCs2 505 ss3ssanecessCemetparantnespeeenanrecysspa¥b anni Rece liens seem XVII, 101; XXII, 50 
Harrington, Prof. M. W. 
Acknowledgements tO. 5.5 ib cnvet ci esscdecksbevsa sesaeeecepereusaesse as nena DY; ao 
Geology of Olmsted: Co. 3. fiis.. ciscss.csuppeve shins tnsckerss- een yS eo ene Vow 
Geology Of Dodme Con. isis. csheccdccscdasabeenatsansuensvtattes nets Oem IV; 92 
Geology of Steele CO. 2idiints tases ccxvacsuviasts Passe ccevsschyp rine IV, 107 
Report on Olmsted (CO: sistccicsvorssvesdd eensstan eiteus sheik bonkers yn eneneee LV elo 


: 
| 


STATE GEOLOGIST. 215 
Harvey, H. R., explorations ou the Vermilion range...................0000s0se+ XV, 261 
AGO ee LESTATI WElce sane toa sk cn studios oc cette roceaciah «stanahe coast atest Gonseieees Oe 5s 
SEES ean aetna ee ns. GIN hs dau nsas coon Sesseoame nde cosonse towed? REVIT Ai al ee, 
MARIE Egat gerycntesen scoscnee cote soke «seen v voce cout kectu ade ctencessteetag EVI; 2; XERXES 2) XO 
SiO MEHEMO IEC STO tVIInNESO tal a otas sces.eencee oh ocue i eccce cceseecs aescehaten aisenes IX, 361 
Ornitholugy, V, 86; VI, 154; VII, 34; VIII, 154; IX, 359; XIV, 9, 347 
MERI E MOHEMIES }COM PILE: ...2-.. osaax.avecccchceca tot evevenrcacesctpcndateeesel 2" Gea 
MEPeUpe Mla Mae aM CL ECO Sar ce cart ose owe hoes de vc condtuec tne aceumatee rf avenas oo cee es suoce set ustomeee NN 4g AUD 
RAEI SEINE ESIC CO. eases ra ccc oe csoc0 Song ccc d den ace USe ee as Sadar o ona dan oun sateeaee deus owes XI, 110 
PieiMmerGOnelaAmrad OLlbe LOCKS. 2.0 os s2-saersee coos co ctevcnthen ste Soe oosecnentecesede se XVIII, 166 
Eb Anvka Cree KG CSCEID EIOIL Oils cor, oh o.sovsaceasSesch nse eee re aad teens ba oe ndac iiabuescbesaees IX, 243 
aivmen be tV..account of the Pipestone Quaniyc2.-cc2c--c-2-<-c-2sseeneeee-steeee VI, 99 
NERSRL CNG eA Cement ens L Ss csc acted encubs ise caeuctaceunscibe ser chai hechve soe oepatees Saks XVI, 482, 498 
“E(B Bai BS Sere Gan aes Hee Be aan sae Re a tn uae Ue ante tic, Aan ne XVI, 482, 489 
MRR ICME OU ASICAL ED «2505. 0-S). cs scaeate fete canatnu sen sescn sateen ent ai cuce stage tne taads RSIS 59 
HEV@THAE TEC OL ES Y sic scscccscececaeot cadets EXOVE Om Gina Il, See DID alee OS le) ol3'7/ 
Geology ot sine Minn eSo tals. 2.c-2c..sc totes eee se eee ee neste ees XV, 219 
Origin of the jasperiod, of the Vermilion range............c.cceeees eee ee XV, 223 
MMS AIM LERV CL patos. ocserse eos ook rae ee hee XVI, 440 
MD iralitesimpe Vines Oba tsar. eee eee eee cae MV, 259: XX. 146 
EPP LIDIS ECAC TOSCO. 2.0255 c2esnce ta eseobeve je seccGecds dees souedon eats censeecuaene teractions XXIII, 128 
Hennepin Co. 
CEOLOR ya Oli vette. c. tase cate eos aac taco ane aes See eee aR See eee eee Veil: 
Ceoloetcaltinialp os, css sashas ec sks vette chan soo ae se eee ese ee a V, facing 130 
Hennepin, Father Louis 
Wiscoweny, of thesalls"of St Ant hors... sssetecs-t sco seas coeee cd eaascea sooo Dae22 
Description of the Falls of St. Anthony............ ee Pees ea 
Watatonr halls" ost. vAmit Ho my ses seeee acer ee ae oe V, 184 
EUs Eanig PAN OXANTE Ele e caste. sae ces Sods Soa ae Meena ede ada TORT A oe Es Le LD De OPA 
[HIGiAS nave DYER ras BSR en seep eak aDRe RAMRLe Bebie gone wena ay peta Premera Amn > A Nivea [27/ 
TE QUETUG NE. EPO) ft Shas a ee anes ar ees Bis nt Rae ene Pe Pe eee ea ee XXII, 151 
‘Ele -ongait (STEGER DY Tl (rl) cl paneer ane eS ie oe eae i Seep Ree ees Rg gee at Hee eis Gas 
lalerignaway iu (ripemates ro de Seneca re Sa SeE ene or aire UA A Fn ne DI ey Ser EE SAU XIV, 14 
Pero EWAKe seatiall YSIS. Of WaALCLs-sss2secec~ sive seet oe doescascecee iste Socoes saeteeacowseeniet XA; 173 
Hees ttyl ors Oe Ga gnak sane ence St ches soca dasseeene reas NCTE |G s=2 Xe VELL NG TD EN alls 
Abstract of laws telatingrt ominin of s-2s8.-e5 sesee ees aee ee seeenesotse XI, 195 
Auditions toLthesNipSeini. 4 eres k fie eee Wilhic4 7spexele ul Set 
HTS CES CV.CL OOS cee Ses seine cote ete Seog SOE ie ws SEA HO CORN we che We MEM Ae V, 238 
Collector ois HOSSUl Sec. sox ocean eee ce, eae cee ee eee ee eee Exel 2 
Cyclopidae of Minnesotal wathinlOtesic. ss. c.cs-s24-ccebs o-asezeses seeds oes X, 225 
AED RINSEGACAN THICEOSED PiGie ess sas. c2 leche fees aca seem tase oe apage coogi Vist: 
INanaindal soft hersta tere each cots ccc tees coed test sce eae eae ees XIV, 9 
NEATH AIS. Olp tor STONE A Kee cya5)) a Riis cies eae sabres renee aay XI, 178 
Notesomsome Winnesotay Cladocera. ssca.coes tec eee NESS 
Notes ou mNopadromasvanG Camibanrtis..c1--2s-cs-cttes. ees eee e252 
Onlequstaceasol thetreshuwaters)/OfNlinmsscsees st sees.cceecerse se eee X29 
Oranbhalogicath nO tes .c, eo. 0s 8h. o eis ca an eat to an aes wt V, 230 
PLEO OU NeeLUSEACeds Oh MINT: 01000 ct ee ok Sosa cane cen esczkays XII, p.— 
SECEMINSO MLOG ke ple MALE des: ain. cn sg heawedacare seit at oee oe velo Shag races VII, 47 
Work AmlApOraLOny aud MAISE UTM. noon cSt kcal ngy Sheen tosses iedaesaae ee 
1B kere] Bas Mi genaee cerca tact yee gen ee eRe a SS scape stein « sau ane ome ease ads oNvancoauc ou cege XXI, 24 
Ree MCLE Lilies ete noecntle gcnche o ha has Sa eR so Ssee hE Jaseak Katee Ss no bacecavsdesc Om TL 


e yes 2c) 
216 ; TWENTY-FOURTH ANNUAL REPORT 
FUE i100 ats 50-8 0 Svc cove ce ees coe ees cas ake WO eae ea oa ea ean Pe ae eee XXII, 49, 50 
Hickory, wanter-kalleds c's oe. ssoe re, aoe on oes 2s boee nes seen cean ee I, 211. INeS2 
Higoinsiand * Hibbard -is..35.222 aes itacs- Se ccancenesscaeeteeet ees nce cetate cop cacaenetees XViLE ot 
Hughes) Gentilly ‘beach: /.2stecs.- Aes: 2 Seiwa Se eau tees eterna eas ede pad ©, Be (5, 
Hvehestapointin Minnies otesetsits.:2:.2c.ccaes tee tase enor eee ee #--X XII, 3,135 - 
ited SMOCeSE 25.20 (22.05 5 cesta eee eee bioolies iiecs.cdbtnabndose eae 
18 Veg 2) iyo s hee a PR ReneS este eee re Para RR atc cee epee mae XXII, 44, 48 
LOU CE: 55 0 bode bce dee ea re o rea eae wean TORO CAGE OA EE Re ee oon XXII, 1457 
Taghlands of Hudsosand ‘ef Quebee:......3<.-0cueet. ae oit- coca es oes ee XVIII, 72 
1 & OF) Pak Or: 0 eee eee ee once At Opeenr ee ME epee: ha ae Nene ain XXII, 126 
Ebtldinethiy of Jett?.c- tees. hts tou ou suede Ceua ven Satta sree ae aene te pee eecee se ces ae eae XXII, 78 
Pea M ber AE, Tis Wisc is <i caage secon dovapecdas sees leagwace seats Ste eae ae ee oe nem XXII, 159 
PTA, SHOW i sc chaesve cbt Beceu ce cesrentiee cooeectesn ae eit ARE XXIII, +3, 134, 135, 146 
Ey er GeOre eo. fn cae eek oe oe Eo GeO a en XRiLPeaSs 
atl yer?s 1G Cations. ste cio. ak ce eee ae D.@.@ UU toss: 
lit GSEs VE ois. se.cceee ce ctoo eats oe Badia bac benoade aeteacns sod cause Sat aaw te ae eae XXII 96 
Historieal sketch and hist:of publications, ,..<.-2.---: atcicer---<ss-s.sse ese Ie aa 
Historical sketch of the discovery of mineral deposits in the. Lake Super- 
LOL2£ERIO 1, eee Bath oe aos Sade ak i eee ite EO XXII, 116 
Historical sketch of gold discoveries in the Lake Superior region...X XIII, 43 
fst Cheol: (GA cari ae aoe, Sac ans sree eee nC TT X XT, 157,162 
AZ OIC LOCKS ss Sess hee ete nes erste ERE RT ACRE Ee XVIII, 157 
foliation. 5s Boas oe ee ee eee XVIII, 158 
MetamOrpliswi se... 35s costs seohes cork waeae es oases eee ease eae XVIII, 159 
sedimentation in the White mountains...............00cccecceeceveeeee XVIII, 165 
POrphiy Titic gy nelsSs.2 case asec ee the eode oe saee eters eee XVIII, 166, 167 
struetnre of New Hampshire... 300-226 scrs0--n3- ote ee XVIII, 166 
geornostic histiuizy Olss..kee-8 ces case. 22 eae ee XVIII, 166 
O PATS (OF. Feo shies aces vas nttvcngh caveat. thon 0- se ee ON XVIII, 157 seq 
Hitcheoek Bd watd :::.i25 si. sssssseectectooheeke XVII, 55, 59; XX, 115, Xai oe 
APPEALS TOlOPPOSsesL aco Ai Cy. ih.<..sccecc ene a¥-ce ecsbecweese eee eens XVII, 70.77 
accepts thedry Of Overburnt..c2..cc.0e- tence eccsae vldaseee occas XVIII, 94, 95 
CLAIMS secs oak henna ed es ee ee eee VEE aise 
commenda tron Of MmntOuS «5:60 0 eee os eee ee ee ee XVIII, 93 
Golomaytes, Shc cseesee tapas. nde scan cave eh towed tends Mane eee ee Oe XVIII, 96 
elementaryeeolomwilbyie.. s--9ee--cepeestee one aon sures stun eRe XVIII, 94 
MEIGS wid incon sas deine te tecu ss Daewds as evade eet omeRe ade ater Rear aacey nee eee XXIIE,; 93 
SR AMICED SD, .2004, 55 cae cooesncedoceet coeds gs dco cn us ots stot Beat eae eee ee XVIII, 94 
interpretation Of TOSSIIS <ccso.3,tec2 see. cttcee ohcscnstes oo teeter te XVIII, 109, © 
TMMETAMOL PHISH An. .ccvk. ee teeocs hates she comment eee XVIII, 95, 96, 99, 100 
Opinion, mOGMed 6.652.020) sancasteenh5ssi-0n liens 207 aoe XVIII, 108 
red, sandroackof Vermontss,.cs5 2.020 soenntaces nee eeeeeh eae ee XVIII, 98 
rejects hy pothesis Of Overtwurs,; 0. +. ....-uset ++) server cepseaeve ne mae XVIII, 92 
SET PENTIMES ss 06. 00s eM covees site ar cusuonvtesdh ducds atauacuduas sob Ghsv sit w aan a etnen mann ma 
PACUIC BYRON oa sssechhasicdepges eae evibs as Rae ee XVIII, 100, 101 
PHEOTIZES O11 MICA GAALE 7, saccnscscesssct- ozs i cheap Ped sevete ane ee taeene XVIII, 93 
VIEws'ON Older POGMS) 5. ccddecocvvesv vcs. ocgoseay coodnestecose bh clecaniee eee XVIII, 92 
views not identical with those of Rogers.........ccccccececceeeeeeeees XVIII, 95 
Vermont, Pots Ger rrisedesi35; iss (evecsucsecdasdecprbevcus cvdecs veka neoet eee yy een De Be 
Hoag, W. R., The topographical survey of Minnesota................04 XXIII, 106 
FLOG RG; i]s.) LsvciesthtacvesscVes ta¥Eshs lave ts otra cksssocuctat Maieeesaey seat e GREE eee XXIII, 161 


FLO WEY, to. We isis sisi testuascpcunctars tidaok San tenkoulbecceslcetBas dics auie diet ha eCeWe han nee XV re 


a 


STATE GEOLOGIST. 217 
BEM iy cn ce aerece, meee re ae an tad cee oe es oncaeeccct ay eesti Rectece crete ck cecahieevtonauties XXII, 19, 47 
Holzinger, John 
letter regarding the fossil elephant in Winona Co...............0. XIII, 147 
notes on the Mollusca of Winona Co. ..............:ec eee he Ne eee XVI, 485 
TELS re PERS ECE EG Te (oe ae eR ORE CREE EE Ee BEER 8 Loge Ee ee Peg XOXTITIE OO) 
Homotrypa. 
BIMSTUTI OS OE CTISIS  O.- oe cee e soe Ae Ee osteo ne eee Soeee cnc te eEuE aac eeeeeee eta DAs GAS) 
(Sar hee he Re ake ie hep ae ePID Aeon e 0) ERATE E, SOBER ERR pete ORE Sn SOLVES 
SRR AETIO SA ease cca ee a UT ads iie gave eee es Camere ee XIV, 8I 
ARDS EV TAG POCU Ate aee sons ces onte ecto. nest sete visas bob ee ee eet etaee ss mete dass snatettosentencans SIV, 83 
TTS AV FS Ae og A eR ae Sree 7 en eet Oe XIV, 83 
ENCE T PPC CTO Gi One. ead eR ee ad oe chon coe cue cp eee danee eae Pee reaees eV UES 
BE lretisd Ol hie Elias oe oozes noe ences oes ebee sane Lig LER CN AE ted ne MO ASS oe XXII, 166 
227 LEVOR TS “Egor de ana a a oP en eee 23. SX 129151 
Hoodoo, 
PIO UINLI Re sev es coe s ns oa ces tucdety are othe coda ate aaa aaa ceNoed de Ned Coabec cues XV, 275 
lake, specimens collected at...... ES ace ane eed eee wn Satta ae teed ueaerten XVI, 474 
= SOGStvE STROUETTT BY cee es emer Del PE ES Ne dd tae at es OVI saaio 
PETE CHC OGL. OTD oho dean eee ees ae Eee UE NEVI «92 
RO ELS NO Lew ee va asa tee ee ee oe ee ee eateae Met mare XVIII, 101-104 
Borublende-Gabbro. ‘ 
Web ea lett ts Hie s sei aees ves sos toes se oe oe ae aan eee een te re eons outta De Sil: 
emlarwementsy.....5--ss0tesc--< SEE ed cet toed ey Ree pn tae ES XXI, 25 
PSISATAV Ee soe se is Sale de cdots Sose om ae ac toenee see nape ae AARC SAR la ae OEE SEE XXI, 48 
PR CCIIBS CISL, te a5s see teen setae ro eeec Settee Rene oecaee eee erst ee teat acenan tak XXI, 24 
PDD HVARViE have Sacate areas tee Stee canes elncias sae eeoree Santee ase Sc een atene ties stase XX 35 
porphyryte; analysis:...04.40.2.5.--.---2 Cant ee a a beh a etre reise XXIII, 206 
SLAG Eee notes esc toes aac ee Sones eee een ee ca aes See oon ee 1, hs OL 
Wit ane Colds pirmces: siete cere eater sesenog Maen sare. sesoaed = uiocas XI* 85 
Houghton, Douglass, XVIII, 115; XXIII, 43, 44, 125, 126, 131, 133, 146, 
148, 151. 
ASSOCIALEU WAI: SCHOOLCH ALES seseice so. ne doe oe oe coco cod oaa sece baccarat ne NVI, Sia 
OT FANET KO NES (ES e HS dee ee ice Sera a oa a ARR RE XVIII, 1438 
PEE EU ELIO Mel OG Al nyo aeons coc = an ees tae? cee (Sen ecm sandstattasen at eee XVI, 142 
Peale Sine tiOmSandstOmer ess sss) 8c aaere aces sce eecee che eceeee XVIT, 14.2 
‘hayes eS Aaa aise nocache se ocr onat aan Cee a eee AINE Ui Rl Bia SM SAAR SE fo XVIII, On 
OpMmarOmOtsthe Older TOCKS en crete senesced ania Aan aeae sane sae oe aa VES 7) 
BME CIT 7 | ACO L 220 oes sacaaes cd tonne «Santee Soe br eoe one ee foe tals eaves 222 Lg ae ON 
Houston Co. 
CGeolo ier ley cs se vee ene eee ace Cac dn ass ioesens este tana aeeoees V, facing 8 
GEOlO Gait ase ee eese sen. isos asesnaste Pe A AON naar Ree ee Blinede aosnscnd-tAr oppeanade Vi52¥9 
Meer ATT ClPw LPR EO ete ee ee EN, core acetic kot tancas. tostunncadonccmacteeth saseaete OE NNO) al 
Lib DATA COM byjor.csscss-c--.ss-esasecceeesass: PAE eae peer wa ASE AR HELPS Grae ci XXIT, L9 
J Bee eee BSR oo De CA EN Ee TE EEE PRR ere e NGI Lote OS tAS 
CLA TINUE SES eee ee ene Pete coat as ee sae Nes Swedes cone ata vebee aeetara.tesenenetag DNAS weil 
iM SOn ivere LOCKS oD init OTS Ore 2teecce- --caso=ssesck coewe sossoacsmenee res NOVI 2 io 
et eal rear lie he ATO Tees se ea noes ee eas ct oe ance eee ecenecteeunnaae XVIII, 107 
IE ANN otaee seers seeee oe os Se oes ase Sat eee oss ek pecs eee ee eee ee: MOVES OM 
PMR TITS hice WW laaee rata casa latin. Sacscenonosety<centtcs ts vat bun etaten doqheeccbasmanss Untaa esses S29 
EPA LNG tates Era) oe ote tecctaneee eter nee gee en aevuvsn as cceancetacaamstaatnacedentssveeconees XXIII, 151 
PACIES MBN DED Nate Seer Sone eae 2 20e Saeed coe esas suet ete Mae oep ouesatlonwart OG Hlals ye ale! 
TETETICID CGR CN DTS oy eeere coco Deca n Mee Se aeae rE cao ee ie iets Ssacece at Cen San peR BAND ten DDO Pit eift 


218 TWENTY-FOURTH ANNUAL REPORT 
HamboldeKattson Gos Salt well io cr teres eae eee ee ee XIII, 8, 41 
S€etiomofiwell.c. i. .2b.caisers cesccssecske tose oes eee ee ered eee XIII, 45 
Ebeaplirey ;/ AH iSe GON... s.s.rccsastcadeveestous saottiags enteaees ogre tetanne enue es XX, 195 4iGs 
ELST ET REO DAW SON, CIECES is ck ioeccscccastecassoserenes lee ooeee etd ato ae XX So 
ERITEDE ICS Ny oS a dooce cosw ae canec sede eae ee nase oe ea See ae ee, ene oe XXIII, 218 
Reltpe les! AZOIC LOCKS. oteas: Paeuh econ see csusasceedoseegraes Dean ee XVHI, 62 
classification Of ATCHAGAT. <. 20: scc.cs5e02- sonst eae ae oreo wane eo baa eee XVIII, 153 
Change OF Vie We eccnsseccs -ncoseaceqvssoeaetaeeol Apa te Me ene teh seen Seen XVIII, 166 
GUUCACTSENS: OTs dere ncnc see carcs saccade ced toaeoe ne eee ee ese teen. eee me XVIII; 67 
crystallite limestones... 123.5%. :ccs, .osteePeeepe bande dons =x hve sees seauene XVIII, 125 
ifst-to isesMEbO nian 2 3255s, co aee onde gues teneeeiae tac ec eset eee EEE XVIII, 150 
indications Of organic lifes 225.: se acca ores tom apes nos ipea cesonaeenenees XVIII, 150 
Marg tette dior ytese 1220.25. css. bison tostp acd Seeonwees-p ns Wate soe X VIEL ATe 
DUO LIS 20-25 so cs~ sans cs eoceysaoeousacenetn oon sae csoeeepete na neces te eee X VILLAS 
QueDEC STO RBs in sede nto es ans den <cnpenseaeen op enamine ny sa oer penee eee eaee XVIII, 183 
GIRIOEEG ob cee 2ine bass pabsbasboes obs tee heoeuese nanos neice aecoeetiae estes ot ads are XX, 145 
relations to Canadian survey... .2-ces-ce soe eecest neat ele epee eee XVIII, 150 
Stockbridge fimestone:s.: 25. Sess steccses sicctsccee cae ees eee XVIII, 99 
Mt ACKIRTMELTD So tcaes sence ce sane teas eoceoes Soeeessctanen tea eee a eee XVIII, 153 
DEY PANG UATISCLIES soc se ocacnsenctas festacee eutne dec seh cee ee ee XVIII, 152 
Hunter’s Hot Spring, Montana, watet...)5.22-220002..0.000s-pasdaeness evobes tage XI, 179 
Huntineton.on porphyritic- PNEISS:....2.6..scceccs-soapenssentt easyonves Scepaseal XVIII, 168 
Deiat ts Wt aD os eats recoteape cha tenestvecs- 2 enars ence Seco ces et here I, 20, 34, 108; IV, 85 
Pearonlake, PeOlO gyi, cp esesccetse rscon savor as baste asesseccomphose sa) eee eeeeeeaee XVIII, 114 
Huronian (see also ‘,original Huronian)...............::..6 estinnsesesoees XIX, 105, 109. 
conclusions reoardin ais; 5. o:5.5, oes senerens chee caee tes cee aeaene as eae XVIII, 58 
conmict with RaAcomie: bes nwahe. pcs ocnete esstemeeyeee eee ee XVIII, - 48 
rst ent ploy ed) Jis.2-stee-2-ces-tee8 on. see ces ae snesvon ee Peete gaara ee XVIII, 121, 124 
eye @eneralization of observations: x. .ai ese: gates conte acecanpe ee one XVI, 164 
PEW 5 a ak wed Sc ew ach sncidng 3a 2¥akunsSbseacis soba anes op ak tit ata XVIII, 197 
RPV WE SOT ear asusoss was cave vacsene Deans eea twee baba cores eee ee XVIII, 208: 
GDSENWALIONG. cccesporcaceree anesi a Socesocbane eee eno ee ee XVIII, 47 
CYHTEZ LC. 3 hin nsndes does ance atavandepsag ss axecodeneuttabohes cas) Raeek ae XVIII, 8& 
TOCKS (OESCHIDEM v3: 5 voces ps revedstacac casos cate oie eee eee XVIII, 122, 1380 
SYSTEM <5. sh davator-Bleten-bs-cteasondeyeoesacoepe cts tneucae now stones XVI, 366; XVII ass 
BEGULON: Of; :2hsose cence uapetestoet saibwwatan vac day'e age stee toerc eee Sateen eee een XVIII, 121 
studied by N. EL. Winchell-c... ae vscdec cn ceente-csetseetoaetacpeeneeeee XVIII, 186 
Hal til ATI OR sv sovasvoess i tessasacodte odds io 2 pastas At deseeae saeco ee ee XVI, 169, 329 
traced to Lake Superior: s.i::.0.;..<disisunis pssst aslo XVIII, 124 
BY DICAl LO LIOM 6 a. checcsoessesseassasiadas on ascegiewaqs te enadune hae nee ete eee enn XVI, 145. 
Hurricane bend, near Mankato... 25.2.25.0.02..ss-ctaveasesssoounssuneeeknceeesee de eee II, 144 
Hydrology of the state by Terry............. aS IX, 224 
Hvdto-thermal fusion planesé...5 5.2032. ctecssoanopuscecanSoabundCenert XVII, 66; XXIII, 35 
Ey perethieme...52..50002000ncfleoonct sane apanncngosusavavensa rh gpfthunb ep yn ton slhpeeete an XI, 18 
POCK Of KE mimsOpSiii.. 55. desecud svcediuc Gawas osnhawaaschic oucnet casos teers ene XVIII, 7O 
TGOLAN Ol); 50.005 -09Mibs jecots hosts suvohses senate qeeredsccateeeaaden dts pve een Cnn XVIII, 129: 
Hyposyenite, defined... ,.cBp...0s:scsosssecccedeoescsuvs cus onveapentivey Oaeniih cstv isseenn nnn AV, OT, 
Vda Belle Wakes iii... lec teresckekebe dons pops tadny Ov an cnah obeCareel Olean tele RL XVII, 180, 183 
Lda Lake, GESCriptios Ofisss.s) ives very dessashcenectanups codebap phisin epiek antes chnaixeee nan IX, 270 
Igneous Rocks, 
Of northerts Minrresot ac iicctetscciccsccoccped sastuesedaey scessn slabs fo alae xX, LST 


BTOLP OL A sir cve sisenansdcsbevsVier tps Cgvtvenaghedey utavi areas ober ateae tenee an X, 139, 141 


7 


ara 


STATE GEOLOGIST. 219 

MI ETOR OTL, Wes at PAT Oe. secoetn-asreeetesetagenaes d.boeken fease ome risonhee eee XXI, 86 

Rage tate Wee IAG: Net eg evap. aasce ac asdeaes coeds sen esrasgnsee~ ceiaedoot. sadebnetunachocs XXI, 28 

aimperiaty aPC EH OCESLEvac.cs.cfeecs season «2 -rPaey so anwasioudanet.2 steecs casa dceeass XV, 480 
[ELS ALC GTi eee RE Gte CORRE Mee Oe aRAE Tse Seer ae am niet Mie thy Lat RES RE ELT a J eR an XV, 479 

PTS) ath Ss eee bere meee eee Ra a ee EEE a aR PE RO ga XV, 481 
PLUITITSOS CHECTASIS Orato costes ook as eA ea tee NE SSS ERE XV, 478 

KO ESO) WAS Seance eeu nent Coc RE a RRE CERO cee Beate Oh haan Eee Pee a Omar ee rae Semen XV, 478 

UTE SFe Oe Ga EEA Aa A ee OMe A BA Sah ee Ror e SNE re eee Na Den XV, 359 
ew reeoyietl etree seca eece scares ca len eee vs de sts os Suce cto tasaanTeanioe dese Peek podeds 52: SVS G5 
183s UP ean B ie eet An ee iar ee ae ie ne tPA od ee Ra a NEC Oe XV, 144 
MIEN AERIS) MU Roenes ees Se cc. cote cct ened dnelce aecen oc deacuecaahievecssetees toh ance shen sao tadensce. XXIII. 152 
PERLE MOREAU OS cota occ c crocs See ceeeda teSaN soc eae OPTUS habs eas coe ee ee XKOVN ents 
Inter-glacial peat with diatoms.................0000005 III, 161, 184; IV, 62; XX, 290 
GIS eeatre cas santas ee cah eee ce az Oe Sak acs basso eee Meese oe Mae ae XXIII, 188, 189 

SEV Scotch engage Boos net GPRD GE RCRA ORE es ONerarian ce CER CaaS cceeEE BER EADS aL XXII, 193 
MMMetIALTO LM Al) DOU C Aliy ao. .ooecaee soo c tes So Pecn entree eee edecaenc won toseeeeeee DOG ME Ave lete: 
MpPRUETAEC TET OXI BCS Soot rec occas cc cote osc e toe cane bores Se) Me ER oe XVIII, 102 
MiVversiomoimAppalachian) SELACA.....s:sss8.sdesestesen cone oetees soe ea ceo enone XVIII, 94, 95 
MiEEHSIVESSOn CHE TATU C, cus te obertos. oo a acloceeebenidese. ototee tee el! XX, 340° XXIV, 24: 
Merve —aettiiri all 1 OFAC. 7.. sccos chs +s vssmaetesac cee os ck ed as coos ste ses meee TX 2982355 
irri © Cen (ATE CC OGLE) ci te vacoateesciits ook c reece aes ETE eT od AE XIX,.182 
iermanseare or Glacial perio Giv.cscvsecsec toss ceoe tesco ponccs oo csaloatees ei cee XXIII, 193 
Iron ore, II, 133, 202; XVIII, 135, 155, 190, 149, 204; X, 8; XT, 155; KV, 4 
| DVO) a Seine pecans Re RARE IED DeLee aepeet err oP a ELBE ARC ail oie pe Gu Seek IV, 68 
RATA A ee san ate wer pis secre oe ue Sse bios As ead en ee Sy Re eee Cd XXIII, 142 
Ghenicallanallysiss---.2--. 2-22: OV 2135 EX 2M 45 - EXON Ie Ok 

GES CONEL LCS eae nak eee ee ere IG Aen eect ein SHIA ee a SOILS! 

IRs baa Coy Sk Oro perenne ene pace reer eee ae Sarr eee retiend Wee cent ee Pee SE Car OS 22 IV, 68 
(Case rug bvay op aU (esate ee porta rans era pee me eatin a et AN Tats XVI, 226; XXIV, 1:24: 
Marquette and Menominee rangée..................2....... \ XIII, 23, 132, 135 
Mesa Ra OCs ceeees Reeve NOL, LO ONIN t Tulle “BNeXCN etal KONGERS SG 

TAT ETIE SUA bee ROVE Ts aces ones sais wack omer Le ee ae Se eT 27; rexel re 
Maines O tabvallleys tiered tery. tect. cosas cee oe a ee ee eee II, 202 
Gresrots Mannesota by sNeeba Winchell: 25. (4c6 = eee XVs 2A 

CHEAT, Olt ocec eeu ea tas tas csce stents eto ced ome eek ae ce eset, DOVE 223 XUN eS 

Bierete PSS Re COMM by. oes ycncsath ceadtandes Cite. co os cas edeea eae ees XVI STO 

OLESIS UP POSE CRITIC OAS aor eae tenets eee ce Sota ee en Dik XVIII, 146 

FESS) TETRO) LRG 5 ake ADR ie aa gra ld AOR OS Pc a Nt XVIII, 156 
Penolkee-Gopebicanan ee: sweeten eesee igo coed dics odadeeune eaaeees XXII, 137 
PRanicn ari NeSObaviitigl esr 22,,.22510 8d cuzeslgsec-sx-nneseaoeneceesee XXIML, 217 
PRICE AM VAUIICEIES OF OL Eso trac) oeece tat 1 oe A Ah eas eee XVIE 9 

VAM yg Aer een cseess wus tee tee eee Pe tee oo ete eee XXIII, 93, 99 

PIG tats GO NMG TOTES Hac oe ene ccs fone ic the oe eet ee eee poe PONG Oly ere 
FOCKStaty i al ECE LUE wm INITEH sehcc 3. cos reccades oo etetie ce ee ee. OVD al 

Some problems. of, by N° Hy -Waachell.....o./.c5. co skedeceicdodnestteeee XXI, 134 
stratigraphic relations of............... Siti sect sas iattosseue steers tte. XX, 137 
PUIEPMEME Sf tet ores. 2A. otecok teas Wo) Soe ee et XI S25 

ACOA GECVHOEI ZEN st sc 28 Mate oc see Pe deaks sine sautea ound eae Meets eee coaiek, OIA 
AMO M OMY LON s Sites oe eee earn eA Oia, hee eee, ST Oe ae eek XVIII, 143 

MAC OM Ch tte ceen ee ena eee ann cad Tones ks ine Roe ont AS et tal XVII, 48 
MALIOLIES Cl) UME MI ESAD OL EI a hn! Sctas i soe ee ies e cob os ecese tos ocak ag Re 


Vermilion Lake District.....XI, 160; XIII, 8, 25; XV, 217; XXIII, 140 


“220 TWENTY-FOURTH ANNUAL REPORT 

WY HIEHEY (ON. Sos -sooi cae eee ee ee eae aes ee XVIII, 143 
dB eoyet hel ee Are ee pee eh eT ee ee hes XV, 118; XVII, 83, 169; XVI, 78, 80 
Prom Rano sine 5.5.28 i ace cceees ok access cosets ete ees one eetemaer ee recast an ehe ce ee XVI, 59 35m 
ironmor Mayhew lakes :cs-ic:-sis-sestavas cess coats sees nese ca sane ee sna one eee nee ae XVI, 304 — 
TrOQuois beach ...... 32 seca skcsessvneph caysenvescaseghe docs ir conse ference ante Deo 


Irving, R. D., XV, 245; XVI, 177; XXI, 9, 16, 29, 88 938, 94; XXII; 73, 77, 
121s 166; A685 4705 172.1752 SOM e ba el 822528) aoe 


Baraboo QaartZy tes. oc. <3 ..:czodses ony bocpnseeoneas os opcevas cha Je ence naeeeeeee XVIII, 195 
derivative homnblende:: 250k ee ce XVIII, 199 
effort to synchronize Animikie and Kewatin......0000.0...cee XVIII, 204 
ETHPULVE STAM eo. oon. sr oeettk cance pice soe hace eee eee «eee ce ee XVIII, 196 
equivalences of Harontan.. .-s2)55.02. cde. sett tens oe eos eee XVIII, 203 
PTI CIS 523s hocinsieeh oon eaaeabe act scttetel GO aed Ul ea ener coe eee eed XVIII, 197 
Waurentian-to Keweenaw aticca.::-stes conor os ecaees oh tate eee XVII, ° 69 
northerns Minnesota: >. -5 2..:.3 ee ee ee XVI, 144 
opinion’ on the older tockss...-. <i eee ee XVIII, 195 
regarding the original Huroniags,..\.0;.0i:¢-2-4) acaes XVIII, 48 
PED FOCKS 205.5. 205 ditise ac Seconk eocote teeta sh deo ee ee XVIII, 201 
secondary enlargements of minerals................:::se2eeeceeeceeeeeeee XVIII, 201 
EAR ON OMY! FP ioe conc se cn stab sds avensecclys ch ouwarells cache ae saees meee oh te eee ae XVIII,-207 
Isabelledalke sos ...2)cpok Hoacesss eesti oe eo XVII, 99, 166 
GENET gs Moo eps S ease ce ce rete s dese AEE OL ee XXII, 50, 149 
AschyrodontalOvalis:. a; 035. Ascccstise ots eece ook eee ee Os ee XIX, 242 
NSH PE MUO oF ccc schon ntecee teres oo ee XVI, 44, 175; X XI, 87; XXIII, 147 
TSiMOME SEATION. 45 5e. 0.0. acto pas esde so etave desnthnd les ahs acne te IV. 40 
isle of Skye, banded ‘cabbro, . 22.2.5 2 ick.2 ott pees eee, ee XXIII, 226 
NS Teale OW ACh ene. xe oa hee coe eee come ee ens ren X, 52; XXI1,.33; XX eo 
Nstlainaca’ (meteorite). .cscscdeace cece hace cocsonoe gos o00 eee Ste Rea XIX, 170 
Itasca, Lake. 
POSCH PLIOG OF. -<..<20ce secon: cnadht es casnaiin toveev ice ter tcrns ae eee IX, 230 
county, notes on the geology of, by G. E. Culver.................. ED! 
WIOL ATTIC 20.5 c2R 350 fee aoe aoe coos Soap des sees tcten ea eee ee XXII, 49 
Itasca state park, recommended to be established..............-ssseeeeeeeee XVI 
Miimeraty: Of Jp-Es -O Gas: Sesspccs, teuce tea a0k domacteutn. Sake ae ae eee Xx Xf 368 
Uvanpal (MeEPEOrile) | u-2 cst. shesnetepeeece de deae 0. sede sacehwancas doses ep eat ae XIX, 186 
WAGUHEN BAY: obs. kore e ee ee XX, 275; XXIIII, 65, 66 
Jackson, C.-T. j;0n lake Saperiotis.s.02.).c- cricetossteee, eoee oe XVIII, 140; XXI, 88 
Quoted..........secceeecenseeeeee NIL, 117, 120, 126-128; 132, 1S 
COUMLY =. os. .evsftehorsoav oko secsdvame ined chs cipel coete cts nae eee ace eee II. 88, 103 
AGIS TID OES. ...2. .icccoaeatsnossesovooscdovs phiahovs susseatudeatap nce travis «a heias aaentnea ean 
AMO os sssany cvedesNeccazacess os oss cece wae hee neecaey Rae eee rae XV, 256, 311; XVIII, 136 
from the Lee mine, Towers. 26. sicclisscdesvens salts soveat ees pesee eestaen XXIV, 34 
BEC OIG.. cass .o.teviaeiovags enaddncoccreneebadbaceioontobrondntaeane tear XV, 222, 223 
SAM UUE Gas Ae ecnsh ts cl ssa Mena rereavd eaye XV, 223, 266, 315, 319; XVII; 40; 682 
GET TIO 5.9.55 -essovaathss ody ¥Sensernes saginvi son ysU vt Cceeiee ead aia taster ann XV, 18 
existence in thie Meewatiths.:.....0:.0:<sres svvovecsarevecosere XVII, 45;° XXDV6o 
ALD edscncenodd gee svcMbto secs cov tootodes pausb each coho th uptie oce ales ates eee ee XVI, 325 
POBTILEIOL WA bivsdiancreecost daxdhGr etek oe rties CRATE Uae eee AV, 245, 264 
SLOne Ines satteicisads eee bigsi aD akesles van dv oped dpdetenalaalanctae stvy cee aa onan XV, 257 
struetural phenomena........ aha sy iS Use oc\cedued re Sines ks hihvna yon Rea mia XV, 234, 243 
LOWE SITIOE: 5s svicuivoscalets arsettercateneaccpess tA eaten XIII, 25; XVIII, 39, 187 


AT1/B CON PIOMETACEs. «cis javaderavoknsthaavdsaver duvets trveul vi tockil ieanyneteenee Xl Vie 


, 
: 


STATE GEOLOGIST. 221 


eaRNARR SS ES UE og UIE UG SAG eh dear SN Wels ras «os dase= sia ode ty <esdentdn aM lowsuntereneceesise ok ILO 
PEs aed WEES DE OTIC: Aiaoc ce 0v oc «cst ser sor ace ec eaee tater (ites vi ones cdoeTps- XVIII, 81 
Johnson, Dr. A. E. 
RO PARICAING ACARD tatcar ccd todecosorticeocess Soccer ec aae se te see Sine ee oboe eis oe V, 66 
Byidencesom Mound B ailbers,, Dyjss..ns.cercc dee cosesesneihe-onee cs cosereccesece MES 59 
SMA REN PMR ETE ANON Ponce ce ade on = 0S aa fnnsdenes duets Sebedetaatedehasaveveays var couttederde NOME OO 
MUpep Ragas ex hice Lead ey ree ced. ty be cae sec 3-5 de Lovee cbs sae eter tacsegacdossgesedseaeen XXII, 116, 118 
RAMS ERI CAINE eset o. <> sce So n2 ess cos stand a+ 02 <euounasssobeaere deedess een ates uae ghee tnase? XXI, 124 
Meare Ghaden Crs) aes ste occ once deen has <oebvete Pasenpotenns cuvevarwactes «csbincceies letesvesetee XXIII, 133 
NBN OmS MO MMt AIH Natl EA icztcwsvecbe suet oos.cocvses steve swbueceratercesetegsssacnes OVAL ls 
Mertisconne semoOun ting Dia LOMACEE «2.2. scc-.sesergerdcee2cccwense cesses ob sskuceae XX, 290- 
ue Le para Lion Of MiatcOma Cease, sDiy st tsece-cossees eates seer ce assteee ee XX, 307 
Jones, A. W. 
PRSSISEAI EEN SUEVE VE oc: cote. oes syeschacet see teed sot ceeh Nees aete es eee ee REVS ce 
PRIA ELIOT LLLP. Sn. o5. 6-585. c52c00~5 ve cacubenadon tbat auedarn ie Cee asesame tee XV, 270 
[STEED | NC NG AEE VR er Any ee PE cs cere ae a ne XX, 138 
Jordan sandstone. 
ET VEECOYEN CCS 1 3) gaa ne aa ERO oe 8 Sele ARNG ce an IV, 35 
ERA CS ANCOTETUE Vo 25 Sao ack Seats see Soe rece ie ahem eae niet a ages Vi228 
Mitta TES Gala ANE Ve <2 sete ccoseee coe eee << ceden< cave cu aameee nae soas eae 1 Pale She ANE alos 
“Woa4,, [je Vilsce see ee eee Beppe ato peirtert parcial int ae eee eee caren OO NG Easy 
pee SAIPAN es con Sac a cctoseslencteee rs ccaeeenace ct tethettee eavt ener sia deen deebet mes odt ence WAL 
Mer ineegde PSE CECOLILE) 05 oocee'n cote Susteren c-Sveee destereaeescdsese doze ntapsaecsereer-tttenetes DG D:al TZ 
rte arena CKO Wed CNN eNES ss sicccs sve sce soosccecsuts de tac taeyscssceecesabine sauntne cones swete LX HS 
Botany, the plants of the north shore of Lake Superior, ......... VII, 35 
lags presented to Muse Dy...2.0220s0e2 22 - se nas-2-ossea cosas VI, 160; VII, 47 
PME OEIC AICE Jc pete ecotacccssesscss otaecrcos~eigne nce svssousdatassedeseroset CAGED OS 
MEE teach Ia lige ste acat este satus ace Soke os 3cce (oosacsenac sea cctee vO teen iene ae rane heme XVI, 426 
luockes peciineusr Coll eeked :..ssat-secnsers scat ees asone scare ye eas cadet eee XVI, 468 
EeeeMNPeR CED Gee eta oes ack cen hal nce gh coos reeds detes spibciouss vecuap suaieestuceay cs sete NE Vi OAL 
RAMEE EIS an 9 228 cas son 0 0a nn ented «bose ggie cht orc vavenc see cashes ed 1 Oe I A OD 181 AD 
EOF TULIS Sch ocd SUS EGE RODE ODES COS RE ACE SM Tenn ran a Bien ee aS C84 UI Lames eS 
EMroexiiahisel Cell ACTA V GIs. «522.215 5cncdts.5sses soe. vs cous veondouatiaceas XVIII, 114, 134, 135, 136 
LG eRe essen ecco a sec cg ra as 32 oat NER ose na te ox ch he, PoE ae eae REN OO IGD 
USL ELSE p O0 a ies a ee een ee REE ree eS Sete een Arr a gL 
MARVEL AG ANT Ge Ed ALC T1ITI EC Stes. 2ccoccre ses seco eee eee See ee hoo scent eS DO, Gia liy9) 
Per CIMO Me OFLA KESHOL:. 5 sct2.c52stuce eats eb seses odes bone cake gs tincbossae te Meaeteeusets BXe.263 
1 LEIOS AAT SENSED) F (CHIBI Bey Oye) 010 ents ee a aie We 8 XXIII, 193 
JE iB Dek Se Spa a RR a it fA ee a XIX, 101, 122, XXT, 130 
IMME S ONL he Vet Ley he mack hse, tare sot Bi yon folk oo dp vcassand- doe eee Il, 207 
CHV CHARIS OUD: COn seri eorc enc ddecds oie sen kate Nand Stan de s Ae ee ea eye ee Ways as: 
EMULE ARS COME ITALY a soho ct oie oet esse today es bs Socee Seen edi esleedeseses VERO 4 Teal SS 
Kassube, J. C. Donations to the Museum............ ba Das on ene ces Eee eA XI, 183 
|S LEAL SLES ELI STU et i ae ane eC, Aa So TORE MIE Ate XXIII, 30 
MMA SLC MOM ORAS 5a soot sedate seen ae eec Foidad Jase sh voce hon te ee T eaet eee XV, 319, 320 
ear SHI WW Th fDV Les. .ccode cde tet ocaceses<ies. XV, 90, 319, 345; XVII, 96; XXIV, 66, 92 
AL CAL OM CTA IIE COCKS tr, seuptte aon te coc s bende cane ae KNEE wl 
| DNRFEN OLS) CLS eye ee en SRN RSE TED Peed en Pa oe ie fis te Piglet cabal 2 XX, 37, 38, 41 
BRR CGI GRE Sarre seca sess ona Bich oy ST Be och Ps 22 sch dc aM acae Thetis seasons XVII, 163 
COLO SIC ALAIN. s oe cornet cece ene tye ev ec cces de tas oe ee ote e AE TN woe os oa dav Meese AOS 
Poctage icont tO SHOW DAU. LAKE ......2...Jesedshecet jaseavsssesecsosecesecoe oy GO 


Pear I Sty vAEy LOMA ELON sen secust es nese cena cotceee oo see sec teeces DOV LT 42 XN Le SA 


ie 
222 TWENTY-FOURTH ANNUAL REPORT 
Keating, Wm. 
Geological (oDSen Wa ttOnSyso) 2<cc 2.<2e ote ue ete den ne “ev ern to o-sc tng eee I;127 
Description.of the Halls of St.- Anth Oriyes ns .cc----c0erensovkees eae eae V, 182 
Data of thesPallsiof St! AnUh ony). cseetors-t-ccee-eceace sel Be V, 184 
fminetalogicall ObSerwa ti OS: :2 A= sec. ose a cao es Se wea 8 cn ap See cen eee eee GT tae 
Hees wills NY ones sc cece aperceee eee oe oe cle sane Cen cke sedate ae ea EeE A oe Ua Ne eae eee XXI, 102 
Keewatin, XVI, 67, 257; XVII, 91, 92; XVIII, 113,-134; XX, 29; XXII, 70, 
120, XXII, 6¢: 
AS) 2 COLI Sse cco ens es bons can Fons h ieee semenece ame ae oaieeeee sin cae ees ss caee eae XVIII, 210 
CONS ELEUEINES LO fee soso wwe ese cks sce ce eae eee ee Oe XVIII, 213 
PTLENSLOMES Hae oS eiies crane esnasecetk eee bE Pos Je gebew ecto ace XXIII, 32; 33 
WASP Ye 10d os ceed.oceesee sc, coats <aoes hte tacnevesuureemepaceesazee ced eeaeaee anes XVII, 45 
Ofiginvof The ereenStOnes. > ...:1..20-5.-:casteetee tere: ac~- see see eoneeet eee XXIII, 4 
PAT ALElSVO fio ee eeece sy oncs-s cose cooeeees ooo eee XVII, 42; X VIM, 2064s 
possibility, oftrocks younger. 28. 2:10. hee s<ccteece poe ne aeseseeaaen eee XVII, 45 
SCHISES Sete aN ences aoc cee es ee eT XVI, 37: XX 122 vie 
Kekequabic Lake, XV, 148, 361, 381; XVI, 100; XX, 70, 79, 82; XXIV, 95 
AGES Of MOCKS sok wccacs- osncpsesccsaedoeateassachcssd cevnsccessoesaWe Meaccdugsac quem DO. Gist | 
BELeUMe Ole Pes ioc os occ awnc econ seasew notes betas ete an denon Saeco p.@.S Rests | 
TES) Feb c a Cahir & ye ee aa PEC DOSS Os Sloe Meine Oe ee D.@. Cty (0) 
geology of, by U. S. Grant........ Ea oa canes 2a eae ee ne XXI, 5, 14:5 XXTV; 95 
PU CECUSLOUES A poe cm tee soreecnseesretececantce-stec ates Wee se acted een te. eee XXIII, 17 
PLAMNIEIC* ATCA sho cock fic is sa ssbssonbe nivai 4 «Oe heoees oaaadar Son be Cuetee eee ee XKOSisao 
MOCATIOR Ofe. oe iF eae ee Nes icaassh noth cee sced nee beat sees toncehas= tatene nse reat eneee XE IS 
ELUD EO se os, cence d-sarteeeteeaus.cesacnavtceentscpsepecseseshestea Cae ees saanes keene XVis coe 
BSR YE ES ese soca sk scence ob oes ocene sc ontaversash anes Pe tuteaargeaee oes XXI,100; X XII, 252 
FROTHAG UY Clie, cus. s25s5 oocnaa deat anpvalascnustes teat eetuauascustoes csteSancan* << eee eer ae XI, 125 
Seatch fOr COPPCEALs...:.sccseonsecsescectesss+esescesccsanaetavane ces nesh-<neheeeeneemm XI, 128 
CRMC ET WHI ONE cates, seve vege o-snnns ne gart ner enavsie tar eeen teste Ceet te me ncRee XVIII, 146, 195 
COP PCL IMINES 07. asnvcatec anette cervases -tsqerercussseenten sav nee teneteeds XXIII, 11 ieee 
SU WC eas co tecct ocak: totaws sends Sess cote rasedenae tare nese ee case ae eee XXIII, 143 
Keweedawan; Prof, Irvine on; ic.i2.553--scs0s sadasete gedeas 1.0 gneedd-taareenr eee XVII, 69 
Anitnikie Slates in VOLVEG <1). <2) sse0ccn. cu obscke dotatee ve eathenre=eaueaee X VILL ieee 
ACTA ETUPtIVES (Of: <2 7s.cacks.scencesess sees scantclpeowsstestols seccstaccetesttackecee™ XX, 77 
BNOLtwOSy tes Oleg. Aptian teehee epee shea heogee sg toate he ee XXII, 174 
ZACYE: Bg ooh 68 Pe OY oC Se COREE IS TRE ess wd abe hy Se XVIII, 199 note 
base of the apper:sewtes Of. vcsiel 0.5. 006.005 ocanuwensts cand inal te pees XXIV, 33 
BrOOKS Obie siccoRicds sodaveennceleasnse. pic cueee ants iecocsstterineae sass cee XVIII, 173 
1a DASES Of-: cc; cioccs sacs»: caovastysocncas ses tie stteetaaereen Weneeeeaeoeaceese en aneeam XXII, 173 
founded "by Tiwary, .2:6..00-0ss6-esee es: cacuaencevoepek sottheeeb sents eeCarern eens XVIII, 198 
ADITO, Ofs-s-c06 asthe coaexoy te peees eevee tance ceaee eee XXII, 76, 169; XXIV, 24 
PATE Omtazssseesveolsacensenenebatesee aetah cake otnods Cue SQQVOl igh bas ral pe Re anes XVIII, 154 
PTEMIOULE (OT ies sndyc Me seats ep opvavdntass Sean is<cuskaeteactgins brine pean XVIII, 200 seq 
POO COCK: Of vicsesssis sages ccavesuoaltusenevsessnchens ee earenet ern sangha yet iene Cnn XXII, 170 
BATIGELONE. ...0s000 sieve iseccltscbeth casnds tus opnasTeeces sakerkoui\ ctxt cLtyeeeeennEnn XXIII, 26 
OY GETS a os 0p non und on co exadexvulstigethshwndes io hiink shit ed ose XXIII, 91, 187, 198 
USO ccd Ze enn ociwun cha token acs cov pave weheteprets’ ts Leen EN ne XXII, 29, 76; XXII, 68 
TERE PP PTTL Jap vorcb 900i 005 cepgeanae cov GaN eh ¥aedvahvcnsShadl cops scanssendees cose eeaey aerate anne XX, 190 
RE SATET UNAS J of er accttks sob noite sass danas; s<aeepeeeeaaie ee sae XVIII, 155; XXITE TS2 
Rei Dall’ GreO is secaeses ce scrvercscenaiccncsMaresspupss s ovis PUaeleeys vavv env lilsvee] Mecyaete tenses XX, 247 
Kiniberly, PP. 1. rte: sesv.scesvesssandecséstvens doudhsossaus senaains Rhy sabeuine iiaiae kanes XX, 188 


SEM BON siay ton astens yard andvechrec nadavestd Comes ep adpapiaieas eheun sn eines ens Reena XXII, 27, 46 


STATE GEOLOGIST. 223 


King, Clarence. Communication regarding the U. S. Geological Survey, VIII, 


73). 
ESS LOIS ADE elccttmivgl LA KOS. oe code. Staak cece eeeacecdecudeneceesecspomccteseses te XXIII, 80 
ere lsaid arma, [ak evr: acceseccc sae seecs exes 1aeadse sobs jones Be 5S I ap Se Re XVII, 183 
MPUGE SOKO COVEIIC Vs pSEUIL CW El Le co5 35-5222... tc.ne ce ctwccsnsussedetgecessantesck Suse MamenSetaeant XIII, 41 
MEMS CS Soe Deca case aye eyes eee seas wns SSzk ctiiec cae Oe tana Seat a tcc Eds ea Hi checet tu tenascttotne itee tas 34. 
‘ Crystallinecocks oriMinimesOtaziesccsadecsaastce ssosese ec cee sheet taeee DE ei) 
Ceolopicalinotes omaMintesOtares otter sencces cose nose eet eee ee GS 
MASTOMAOSSIIGS Wives. ta s50d orecaces Seine ances Mtoe ests costae ee center e ce Ay me X, 182 
List of minerals of the ervstalline rocks near Duluth................... dai aba 
Geognostic and Geographic ObservatiOns.........csccccseeeeceeseeseees DDG ~ {fein 
LODE O Sekai Aes be ane Ne ane eer ey er eee Gorse AOE TRL XXIII, 118 
ERENCE TZU Re EO RNR AS eS en OR gs Pd td Uy aly le RN aD cae KV, 142, 411 
GIS CLSS1 OM socoaniet soech shoes so sche ooes Sr ee haa es ea nae XVI, 197, 204 
SLATS rac beveucnanace ts se dala araceas Leiateene eae Bar retictsernsbatesuea sees DQ AU Oia kre Blede: 
1 SVEN) Es 0G | ee eters sence meee acs hi Re cea ol Lara air) 9 ws Gd. €) Ol Ua OEE. 
Reatnibestenl |S Aceasa a tosvaccacs ccd sdes ses arsg ch ses ST el Ci atecte te eaten obs dita toes X, 21; XVIII, 180 
Berne lseenriy ull OTELC Oscar shee ceeds soot ot gases een eae cat uae ae eee le IV; 58 
KOTOR PETROL ON, 4 Dera bal Aeneas marprener ce te ctsee ct ncaronaace. aoscaecead- ee oak oe eeC Re Ee Eee XVIII, 104 
EMrnyeAlenaiyicie (MIE ECO TILE) |. Js 5. scensteeeas scoaee eRe ctecooeeeee eboney te stere helenae ree XIX, 179 
BA Ne Tra OUT estas: decent st. sone fcoseee stds aus caaate tas see, eT AS een chee ee IV, 47 
"RiGee 1%, (CM eal Cap a eee rn erie er a ee A ane Cot ep in ee eee rage EN XXII, 152 
PMO OGHIchin opal Ss... scores catscasececnecdeseence etn OL KOMI AT So Gi 9S 
DLO TAYLOR acces sas eA, oat tay EEOC Oem N  Aagin Ne Been Ea aN XXII, 107 
Pacha © OLECLIO NYG fmt erallS:s.cecos fis cae see eee Ree Wak are 
EAE AC OMICS Patt ESSEX ICO LIME Hesreeccee as tccccesst ste saeeastece ceo ncesoeiee DON IDI G 70) 
| LAUD YEG IOV RIE Reson pean i ater repens eea a Tae ane aae oge ma DE gett LR ea SV lion 
) LDN GY EEG (ON CT Ramen a i ra ee a Ba dt Ad NE RE eI Ne a 4 N21 eV ILE Gas 
OC KS eae sank sais eee Tea ieee scot cysis Sur te se ae cease oe ety seuee Pe eee XVEI, 165 
WaAcigtibe arleRiverand Make: ey. c...05.cccssceeteceacence sec oncecno seth sees Sr eX 2A 
BCPC HD ad CB TES: BAN at SIA I OEE eRe zea ORR RAL OD a Se XXIV, viii 
MAGUS EINE ATIC UreGeMit LOLMATLONS:12.--cce. esses <ste eee vane anle arene ern oD 
Pe MSA OISCs bs] a COnscie. coe beset coc -ee tee eo tee seek DOS EEC Soc e oon econo II, 161 
Wace LLe HO TIMNALI OMS sill AyieXISt. wcscccscosvaeceecsttecatem ac aneseeaee Sion otek aes PRON VOC 
ACAI CSB meek abcceetcensee secne sets IX, 247; XVII, 184; XX, 56, 81, 86, 87; X XI, 11 
ADSET CE ITEC) MSEC GUC OF ss aresas taser ates tect cs else ec a nec eeeeeee nee LV 6 
CAtAlOPie OOM NOLEREEM DOUmO Ati. os-ets-seetccomeee alee eae XVI, 388 
GES EGU DU ELOM cs pees oot ee eae nee cte ea scoes ashe ca ctet esa aman t re ab eee Loy DENA, IX, 249 
GUTHAMIMAC LOM ee seeks oes Jacatens canes dane se cece tare hoes evecc Gee Lanett es Peas 
MAUMEE Lee. sera te cba cite dats cat sveats dacuse ce eee sc neve we caddet icon cu@aset net ccts tases IX, 248 
OUP UM: 2 ieteesestovesese BEE AR Se ni CDA BAER E ORS Conn ED rer BaGee ER ast eb EAE IX, 251 
SUSAR AIL GN Cyan. seisene sees naers cote on dsc tide nas yosetace cadu stance dace fiancee tench oatsse IX, 252 
VCUITLCe tees. ec hee coe teas seadestess css scasseesccals sceneot etc eee usese mero tea Xe 250 
Lake Agassiz, VIII, 84; X,5; XI, 137; XVI, 396, 408, 434; XXII, 42, 52: 
XXIII, 68. 
DNASE ce cer hoc EO HERE CE PCEE OSCE COP ERE EERE RE Seep et Ena XXIII, 224. 
VAT RONG ULM satenstcasteeressctakere teas ater sdvssassnctestoarsetees XXII, 54; XXIII, 170 
BSUS Stren teres tsar sees os eh oe act Sasscc ox se se staan Sear aenae te una essa senaiee XXIII, 224 
EMI ASOME@ Nite p An, coccssocc tech ie-baens ss ccuncoead nee res reseet oui tean skies XXII, 176 
GO GIL OIS tet costes eres ence hea oe dase onaauen co eastoc acuta vacse totes . O:OONG alee 
AGAMA ipreretet ne teeter eae wine ces ca aiedaeeseceee ioesee hack dddac idee secderwaede s eke LE eos AE 


Ob CHE WOOUS cscsceses.cyecs es XXII, 42, 95; XVIII, 48, 208; XXIII, 45, 46 


' 
224 TWENTY-FOURTH ANNUAL REPORT 
SE ANE CUI CEs sattan cos soote nce ls ooaaas dante -tieobs ce porta seeru gee tas dae eae Skee XXII, 178 
WE en fis ce ee Roce tee eres: decent arenas XXII, 54; XXIII, 166, 174,176 
Wake itgaArtesian well ab.sict-\.15 0. cccrat codopsaummivenrmstatetemee: te Lee 4 XIII, 25s 
wake Conn ly, GfANTICIAREAS 40 0322000. 1.07.2 >sreder tetera are » ee XX aie 
ECONOMIC TESOL CES Ola. os ose cece se tacs coe coe te eeeee ant anes ee oad eee XXII, 146 
miap.of west ecenttal part Of. --2., 2-2. fens oebecnse te caaaae 2s eee XXII, 150 
GOUCES Of ELA VEL a5 oll cs dence dose ae sot bean cae eae cen oe oe a oe ee XXII, 143: 
Pe alates czy a fy KC) Seno ae eee one ee 8 aoa ee nn! XXII, 146. 
Lake survey, determination of latitude and longitude....................:000008 TV eae 
Lakewood Cemetery, Mitneapolis, deep well....................005 XIU, 50; XIV, 12 : 
Neaariellibecanichiiait arstcsecccsosseess co -sie<cc x sapsees ete tee ee ren oee eee XIV, 115; XVI, 485 
Of Pe dO Wer SIUINIAN . vse-s<..5 57 sg-nepe sone cas Sete a opte ee eeee et eee XR as 
Wand Office; or System Oli. .:15.2--..0.4-0-2saecsnnasese cede dute sxe tte pe ares eee RIEXsISE 
TP ATTES ENOL OE sede eb scl aceon esa Sete ae RON eee Sor oc ERE OO, RR rs aie IV, 34 
Langhei, Pope Co. 
Petre WONG nop iiss 0 okt ve = psn a od rae ase a0 dg eae Ae ae VIII, 112 
BE COS cos cick fo bcce seas et en stad cheese Pap etadensgadaeiaes cork cs sCe weet. nC) hae Eee ».@ 69 Fe by / 
Miapybtctath oh A, Beto revsre wags seet esses tense on ug sere MW, 78, 212; 1V.6; XX AS oe 
Late Glacial or Champlain subsidence and re-elevation of the St. Lawrence 
IRA VORB ASI IIe coco sone oesc ets ade wag oa te Sue este ceed ooo nage XXIII, 156 
Tatitude and loneitud 62.05.5952 22.4.6 22 tances Sood cecheonccnssccorssese tea tease eee Vien 
NG AGO Ka A Coe, carina taoore seas once ace saree Seen aetna e eT eOa aeaee e IX, 270 
ME APATTRO TILES ces Stead wc cove dee one shoe bee heats a ncat igh ote bthe oo¢ tue eegeue tepete ones ee 0 Sire 
ieourGrand Marais... .55::2.5, can sn eee se ee XXIII, 196 
APATYSIS:O$ 5 odes cuss. oasis: pn snenanedaclnin euciea cope ner taayanauaeaeee ns aed pee XXIII, 196 
GANG CALLA TIS. oo 5oos co sca Chose Deevaaetivve eat cet ea Sect hacesoaaitia ee rack iS eie oma eee ee XVI, 329 
USCS R sasetide Joatins dacs tasstansess oso states ots ansee= ee ce ens sete aware hate ae "+1 nanos Dc NAGLE 
GES CTAB CG sxe oe oes eos ge pons sees Seca e ee a ee oe ee XVIII, 126 
SMLTSETUDILELOM socertns. co sacebeceodeces Coote coueee sasoete eed eusees ee XVII, 29 
efiect of hydrothermal fasion On ..- 2.5: 4.<. 24.0: 4.s-shssece sae tense XVII,, 35 
CLAPLive and SEGIMEMLANY.... 2... ca-000:scper<t¥epeptuens’ <pcenecasets ySame ieee XVII, 65 
ESE ATITIOMNCEE Bo. cee oe eee ee ce ce oe ea ae XVIII, 119, 124 
FOLIA OMe ood seseee eee eee n ohe tee ee eee XI, 36; XIX, 96 
satel beta leytl=prb «Peep oe peer cee erro Pap oh Foo Aide ei hee eee Bee XVIII, 217 
MARAE ON on ssspcngteeahe keds ob eae eps tee oe XVII, 69; XVIII; 48 
on worth shore of Lake’Supetior: ...-s..c-2-0s-. 1. <<sbe ade bes eee een XX, 195 
rocks!of rainly Hake iv. ii.4.c.00.. nespone=saeacech sete eeey sete ees ee en XXIII, 53 
BYR ECHE cn ty ss Secndis onsite Tuosends dh <washae set isun sas sev eull aaendanscgatteee aaa XVI, 866 
transition to: the Vermilion: ¢..:...2..0--5.5, esp stsomense apo KViljese 
WeeowWo OF Cie, SUT VEY. s5i5o0c0-cesupacsogseryooedecbaepeessbns+ Satie Mp apes eee oe usb bey ee tee mann | ae: 376 
SEURUSOUHAL IC. scseras oecsses XVII, 33, 72; XXI, 16, 27, 31, 32; XXII, 29, 37, Gos 


57, 60,63, 71, 77, 96, 107, 109, 174, 175, 180; X XII, 37, 50n6G0 ree 
77, 96, 164, 169. 


Archean Of Canad ari. .... siscevsnssylestee uh hes ak Ocoee eee & VILL 2a 
coastal topography of north side of L. Superior..................e00 XX, 181 
GCOTMECINIChING SEXICHMy, vie sccscteacsnsycantnetacenss wasesce eNeNeeReaa dee ee XVIII, 214 
CXC ALOD 55 05-5 dias MBB vnnpren be cadane whekioders fesTR all Meta Dik Ree rae XVIII, 55 
fissel STEEN SCHIOLB,.. fons sccdvaszysts onakessuaesasbakasaehhesah ok huss ree XVIIT, 116 
Mabbro, Ae Of...cs..cn.cresvccns sre nsatencansoaevenvdoamnns duannsady ei nziense tits darken 
HOLT DICH AE SCHUSTER). ,.0.0.scendeeetehancsanclassyrbhvbe¥eearsscorseebatee staan XVIII, 215 
PT ILO Ta Ei decech a eve cca cookin renee PALER eshaen avert eur tiene tiewpe ieee aeaaesey XVIII, 208, 49 


THACITISIO MB 1 TCISD: sass ivsrvesvusnssedsadepepoacssccsucaevswecrevecwetuakntnerty XVIII, 217 


a 


STATE GEOLOGIST. 225 
iicer bedded orieteses atid SCHISUS...25.--sc:-...0sa05e0h)cdccaccsalededons. XVIII, 212 
MECC AEM fe ace acesso iene ct oa cass ddee din Socdds dc od aues Mioceedd hd iecatesehenctes XVIII, 210 
GEA SIS R ARE GE Jase ssnin ces Sans ssdosoeat su denscasthivesseaeess oes doceedeeneas XXIV, 24 
SELES ANE Oi PINASIRU oes td oun ana 2<0 soeeosespansidedaccacegdasctanewttsclvastsseoden et XVIII, 218 
MN LEKA be CEO LMIAEI ONS: cscs. c7Sssseeccele ss c5 Sees fo cocdosek aeben serene XVIII, 219 
PINION ONL HE OMSL LOCKS 32.25. 2 c.c0 15s ccadescocas duce doveuatessudvesseteas XVIII, 208 
PLE“ aAlacOzZOsC? CET ALION s 3-55 22-e 20 ekstssacesoeseeawns cigeat sadasessedoveces XVIII, 219 
relative ages of the Coutchiching and Keewatin................... XVIII, 214 
Pe WES CIALIS EO MICS! ANIC MTN. ...020<0.0005)socessacacde caowecoceeeeusoetocnicet acess XI, 195 
MERE OES Ogi) la gsesrec cee s skiss2 ott se acesessssyoonccaasstdonsteseeste sieht cotavsee A ee aaeS XXIII, 153 
RMR CHL SST be ea oon oe areas keh catacs cceuscee dics scedevs cosdtocseducesedecadd saseniedbcosees I,106;IV, 51 
Lead, 
PEM aay et COU Bis ceccens sass ere coies.vovesncodcesbeseecsseeee caus ee cersey kate IV, 69 
ETO USEOR COUN tiyics-ss.c.ccesscaesses secs seu odettanscdezses vs odedcauseeseoeeee ee V, 49 
LL Ggii! TENG esd a ae aia a eR PS eee Wil 755 xs 269 
“oo HES) TECIDSPER TO aay ie Se a 2) eT rs AE Ve A XXII 47 
MEO RAM OSCE oe cnccs coo. races Seca s ceases <spleven ses escevetswdtecpasetsicot teres seers XXIII, 161 
LGU) ZEAT EET eS gaee ae eS ASS hee ese Ene ee ae eo OR hn es SN On eT XXIII, 179 
LSS TEGO ae Ree er .AIII, 30; XV, 247; XVIII, 28 
ere bem anasto 8 SK ne RR ON IR 2 et EY IX, 233 
TET CTY dp Se RoR One EE RRECE SE Dre BPE RE Pir re i neo ne a a A IX, 220, 233 
Legislation respecting the geological survey............ I, 34, 35, 26, 37; XI, 195; 
Mabe 5 GEV, 58 SVE tO: 
lo Etereerare LD erg Beal Wea See eee ane eer Bae eee Ser oe IO 2 
Leienderker, Mr., quartz samples obtained from...............0...c00eeceeeee VEXCITAs Si 
RR MMMM ce So ora oesac occ nes orice uence tawbanen sedan atnsada tcnaat ates aeeaceh ae XXIII, 165 
Meeset HOG lacial <6 pOCH:-: f.-<.-<c-2<cccets Sass casese et ceeaze nee auee teaeees dace XXIII, 181-187 
WER AU Re Nos cee s ons 2a n5 apanwnane sacaanceacsancedaseavasecerseeon XII, 11;X VI, 2; XXL, 2 
BEE SEARE OMS LCAV ES noc acdc ers -naeoa duno dddeseanvenssciebast cares daredanasevcececcseoeces Xs oe 
SE Ket LCATTISK ©. Osi a5 cies cccstads sSaceisccsteeece son sconcseasues ovestecnct oxeeretnececceesual fox XI, 109 
SCH ACO ELL yay PEa byl es sscerse scree boy ars ccucsete voeeas tases ooade aoe ston td. II, 101 
PAVERS CCLIOUS Abs OE LAVA saces osc. castes ho aek ee toan wos dave cor ee II, 141 
Levelling party, report of, by C. P. Bet ey Fine y-cccevoxnendocieers tact TE 
MMH ETN ULI ea soc ect ok an Saat stn wae sSos aad cs ecadwecsestoaescecacseae nea XXII, 56; XXIII, 165 
PREPARE Mep oto oie Soria cigs aac duedsprtbnt nvanae sass Seep weecee ta sas Ss XXIII, 7, 29; XXIV, vii 
Bipuetieprart OO 7 ICECOLILE ) 202. c0..06-02-s8- cc coge sot oned-Sieeseesopadessessonssbeecs cust XIX, 185 


Library: additions, XVIII, 226; XIX, 166; XX, 332; XXI, 161; XSeLe 
LOSs OKT, 23d 2 XXIV, xv, LT. 


GONG CE RETCON ESE Ob ASR Ser oer Beer CCECE Ar ecee One t EeEe e XVIII, 229; XIX, 169 
TISERG DOO iosece oes roe ocean oe esa eos ee ee a Pere IX, 165 
Wiehe Ouse poitic,, Marg uette. Mich ..0..2:....2<..0.-ecte0seinsove Seok estes XVI, 50, 182 
WO sore seteat a vanteacates di cciasIiot-<-2efbacis~cedseovoenos XVI, 403; XXII, 30; II, 188, 201 
ee Gat Ned wWOOd PAs sii snccasssenscecaasccnessecsdateesteus XVIII, 25; II, 188 
At O LEME WIETIMIESO LAs. 2s ccdeves cccccerSeeccdeseesh ce ecsctcchcctsecoe ey. XX, 179 
IEACIO ACH scree esene tie toe ee coae aan on oe nea saa aa aad ebstas te eek Se XVI, 482, 489 
TCT ol ac BREA EEE SJe28 Bncice Serer Oe OEP ec oe ee ine ASE Ea VIII, 121 
WN OSU ESLS 5 see seen ceree sc eaces vas cSiaccocet ser cew Seek erecta ee eeeeae ee EN ee II, 206 
DO POMC Os. Serre ates caee ace cenedooe nec thede-Sincece Yedecepasckostind <eecebestete sett IV, 106 
Ce A Oesree ca cereeceaaanoncs tose rove Minecast ane ctucsavcccecee Sb ee acca ornecal ee ee III, 204. 
Wesce COs teer sects ota se snes vaso icecctnce te rode cotter seen choc nasdaentsctebevee teen bs VI, 124 
NEw Wii Sadsesd sha Wee ccc ake da stoves en tbcciciiosodosscubscodccaecusst cost Reece II, 206 


226 TWENTY-FOURTH ANNUAL REPORT 
Limestone, central Minnesota.............:ssscccersssssesececegeeersecceseececeasonees VITI, 121 
Fi BUGETS. «cis onesivsvstuesaeccesaetesctacnbonserssenectesene oy SeWe creep peterny eee X, 186 
at N. P. Junction (concretions)... :5.---22..-tevcoccespesecsenanserbatetasee eee XX, 30 
a HIMIKCO WATT sc. socnes coos escovossnchocosassestevesberesapeseteget«voeeuee X, 91; XVI, 95, 344 
qi Teatar eT CLAN choos sesSoc ah coce cesak ese deeeeSte steer tebaas:cceoevereec as om eX VIII, 123, 152 
Pope C......ccccccseseecsssseeeeesseeesseeeceneeesensaeseesasseersceserssecessseeecaaeens XIII, 14 
PTUMMILIVE .........essceseeeereeeeceebeceesscecenseeseeensezens XVIII, 69; X, 91; XVI, 95 
BRS OD seo. ok coke kop cabcu sca silecsat sebelah eRe he he ae er VI, 123 
regarded igneous by Emmons .........cesccsesccessceesseeeseessseeeseeenes OV LEE ane 
SACCHATOI AZO1Cc seve ceasecnss sdiccospmosecw ae eee tbasababesencg steer: soncc steam XVIII, 157 
Me iNa Ee Dus. oseas ap otc darese mceeetonase were opie dSesksdhbnyetbeasceyes XIV, 122; XVI, 483, 490 
Limanaea, Species Of.........sscccccesssseecceesssnececesensereresssnsecseseserscssessenenneoees XXIII, 202 
TEER AOO TT ect RR ee Enno REE eer Oar end Soscsae acococ t-coa eepeoecns os! Xie 
Ore, Chem. ANALYSIS Of....3...:cccscsecesesedsorrtnsanspeas-sancucmey XIX, 124; XX, 137 
Lincoln, Morrison Co.........::ccccceessseneceesssseeeeceneseeeneesssesecasesnssraseesesenas XXI, 114 
Lindsay beach..........cccescccesseceseetesseeseeeeeeneecseeeesseceeesensessessecesessnsesensees Mee. ©.6 
Lingtilla calumet.......ccccsccccssccsseeeeseeecseeeerseeneesersseeesesessseeseeeessersseeesseenes XII, 65 
Lingua elderi.......cccccccccscccsseeseseessseeeseceeeesesesrsreseseeseseesaeeseesenseeneccaes VTS 162: 
TAUTROTILCE oc oa wwcne dan daces sacsadecavenocsseudsscobeeesssiusss sles seastemeeerin sat VII, 166; X1,23 
Literature on Kekequabic lake..........ccccsseeesesssssseeeeeeeeeesesseeseneaeeeasenezens XT AG 
OnpMUINneSOtAL-cs.---0-> ceo =o0- I, 22; X XI} 2, 16; XXL, 4; KX 2S 
Lithographic rock.......cccccsssceeseeeseeceneeesreeessseenseesssesenereseneasseeens XVI, 23, 28, 38 
Lithology, Cupriferous series at Duluth...........ceccceescesseeeeesseeteeeserseens VIII, 22 
microscopical, general primciples............:s:cccesesceseessessesseeeeeeeeens VIII, 10 
petrographical work domne.........esceseeesecesseeseeesseeseteseseneeesseees XXIV, viii 
Lithological characters— 
of the granitic and metamorphic rocks............ss:seessseeeesseeseeeneesenes I, 65 
St. Croix and Potsdatn:sandstone.........5.2..0.-.-.sesssesseecps= nt peeeeeeneamn 1; é5 
Lower Magnerian limestone...............:cssccsssesspescceceeeceseroneseereqenaaes I est b 
St. Peter Samdstone scsi. ccs: tecs-c-cces docs o~-00--8 -000aso> scuaenerpa seca teen tesa Ty Yop 
Prenton LimeStOne.....0.cevasdecsceceessceevesgeeecacsseosesseqowecebnar> sees ates a aeaaenam I, 94 
Galena limestOtie...22.lisicessssc00ses0eecscvesevee+ce osctnaneceenct-Censeesp teeta I, 104 
COFEEACEOUG boca eos civcvascsa otecwsadesehendoccuacenvsetacssnceest éetestctelh eeee =a aa—nmmEm {, ae 
MiCrOSCOPic ANd MEYASCOPIC.......ssceeseceeseeeeneceeeecesreetereseseeeeeeoaes Beek.’ 
Of the \reenStONES..........ceeeserrsecccsesrnrnceeseesreeeesvsnsneesescnseerersons XXIII, 6 
of Lower Kewatin quartz porphyry.........ssscscccscssrssssssnvsseeees XXIV, 70 
TAttle American 111 C2......00.<rcscsvaserconsvevcesscuseceeueeowssess XXIII, 69, 73, 75, 78, 80 
12) | a3 hg) eee oe ee OP re eas AA ye IX, 221; XI, 102 
Little Falls; Augite—dioryte from........ccccceeesesseeeeeeessseeeeerereseeseeteeeneeeees XI, 60 
MOU HuildEers..csecy.sccrcsscccseswcovapstpevsnwovecsdescnqenscenevens-setearaaemmmaam VI, 58 
NOTES ON ZBEO]OGY.......seccrscessreeecersseesseeesssssensssesssessvescrseesssseasssss XKI, 122 
PrUmMitsve WIAD: ...ccccsesssudeceseacots basse cvicsdccucnwsdsouys s>cenenetey Gus te) aaemamnea VI, 53 
Quartz Chippings........ccccccesecsseeeseeesseeesseesreseeseseeesseseeensreeeaeeesetes VI, 56 
Quartz—dioryte......ccsccsseessesensceeneeeseeseeseeceeenserneseseensecsesesseneens BL, Vee 
Slate £OCK i. osicsstauscccecscssvboyssecedvbsesdpnucnesensouatsteteceduRiystet, (tienen mn VI, 60 
SOME CUtters. ch. oc.vevccoscvadeccoscrsoussecdsccsbesbspessusyceconsns tathoereainy qm VI," 63) 
Water Power... .c..ssssesscssecscessssesessssscenccssescencsacneeenasenes vel, SS) Rak 
TAGE COTA ces usenes sttwateutssaveccdvost soselvensesduseedte pes dsbeinaxshscdtpaskienhatee XVI, 396, 464 
Tattle IMA TAIG ide is vcs satscsvecs bPecccsbiveuscdsscuecccudecteeschaexssebersoveca¥snsssay pute) nn pe cyt 
Little Rapids.........scccsscscssscssesesnsccesseeseseenssnseeecssesssaessssassnssnsseconseensasanaees XVI, 21 
Trdtle SACkem TAME. ..cs.5ssccvsesesdusvalvokincescevdenceuscyvadiovunapvariule ceNtestecranceean XXIV, 52 


Little Saganaga lake, Qabbro......ssceceseeeeeees XVI, 356; XXIII, 227; XXIV, 128 


STATE GEOLOGIST. 227 


NR ARNE A Cre eae re ne ee, StL os nedcnaclastoucas dvdr n tiie EXS279 
TUvES Se LT RG ee ee REE ee en Se ae IX, 337 
TEU HeN SC AL et See ee ie eee ee he ee nn ye aes IV, 66 
EEN TIS ERTIES terrence sete nase enced Se ands ou seacwds Ts deed ecdss Ee Vv, 19 
Rae a NM a caaaprih do anand paced ats <Posn ase inasedisbersaptpanecencens nother tee V, 143 
ES AS EMV ENIMEA LONG, 002-28. c50e =o oe occas cong sacvecak came bp timescveceetie ee ee V, 154 
Te PEs or ae ee aan aR cs SR Bee 2 pel nee VI; -87 
IE (pEestone ONG, ROCK COUNTIES....052-:ste-tate-ns--seas Dac tucarincestoseee TS VI, 105 
ete, © Oi ease tonecns oho deeh is oss dasecedos sede cas stseots: sh becotevaetoetecombeukstuck asec \Aee eal 
RE BEI RID ee ec a sees ouiws 32 ais pes sass savevensss up dbensdicceaes od XVII, 61; XXIII, 143, 153 
ETERAIEL SEM AC OMI C sacs nt avs oin Soin doteis ae eee ae cs ean Sous ee OVENS Fit 
GILES F(OET V0) 9 epee eee PERE oe San EP eI Ray PR me fa MOVELE, 112 
ERIM CCE OE bce ce tes oo tctuse rs ones doc ska ea ee Aa Be XVIII, 116 
OSE LOMMICEALES 2. « . Socc cae: So02- canddvseres secon mien picte deh wae laea eee ee XVIII, 128 
PELGHCOUS) PArallelizini gs... 3 o.oo. oe PoseeeaB ewer te ne eo encoen ona de eto XVII, 114 
EOIOUVLO f DAW OLE AGIs i2c..02c3adeeest vecese eB aacecaia era MOVIE Ae 
SE RELRETE i 1 oe ene ea remMe bees at Ben, Cet UN eee ee XVI, 99 
PERI O fl ROCKS ce 2255 bc st ost ans ote Boece ncee eco are ce ee wk tee OVITE iS 
13 Revco TVEZ Vt Yes mo i ee tnd Ser tS Seon ees ne a aR XVIII, 130 
RISE SEITE EOE Banc 5 sa acl cide aa a een eats ee EC XVIII, 129 
IESE OTIS eons oe eo ae doa se cees cocoa cscbnaee ce eee eet ae os Ra XVIII, 123 
WAMTEDLION SYSECID. oes) 255.0 cssasasnanocneoss css eee ne oun eae XVIII, 124 
REE beR CON Athan Gece eos cake se eee ae ee ened oa ee XVIII, 125 
PPRSRE CC aera ccs sean sors cans copes can saseoaascesttye epee wens einen ney ee a, XVIII, 145 
regarding systems of the Laurentian............. ae Sec wetenes sae fesse UW 
RETISA OREO CK Mi bitate Ae on ca vsazcncaces Josten ca sct oes ene ee .- XVIII, 98 
NE GASAP ED PUIG WOEK. 2732002. sae nts rue cinds sp cbae nce ahs ocean aD XVIII, 110 
Suaittiaty, Of: ta xONnOmiC ViGWSs.cc: 3. s.s:s5s Pan. een Ieee eee eee XVIII, 138 
BUA COLIIGS conn. ssocce eck cose iae niece sake cataces Tees ase XVIIT, 138 
Facet Sie a Mad ae a bs 0S ge | aan eng OA a XVII, 107, 112 
MEIER TIED ICEL Y 5a cosmo np occc8n note wnentbnodanca rere ecactie Bona, 1OSy MOK, 19S A 9S 
MPM ERESSE Kee A KO) Let C Oisecs 5 secs neues accesssact dccceces tyes aoa eens IE 1355460 


Long Lake, IX, 92; XV, 53, 403, 415, 97; XVI, 334, 348; XVII, 79, 
Sie tA? OX VILE 21 EXE, 28. 


Seon COP Art SIde AKC... 2... sentesesez-ocatissaniat oscsadetdo Bee pie. ok Ok Wer Ae 
LDS. LV ENPEUE STGS7s TST SEARS BY UAE AS TPR ARs BE aren ORR OO Re aes XT. G6 
EXPCAILTONY O HITE S 2B en wav. tases ce cees sodas tassnvecich iach co cneeet ee 18 a 7 
deseripHomoL St, Anthonys. 2.2. s.c25oniei sc oeces coccenoseast toca ON oes V, 180 
BGG EE ec ROA SORES Pe Sa er ee EER irene Pra cf V, 184 
prairie chain of lakes, Lae ESS Oy) setae isnoten ae oe ee IX, 269 
Maupatide actermined by U. S.Lake survey..:....)/.2225.2ssstckdctaclsosbssesaccsscce Vig SE 
Eensivude of University of Minnesota:...........1...:.2-000c02--26des0dsdevbobsedeaeees Vere eel 
LE LN EEVETS ie oy eee Se iy ee Ree ret] ARS. ee Pee eee XI, 88 
WRI Hi bet @oeecees sn 228d oo dee cones X,; 4; XVI, 299; XVII, 105, 144,178; XXIV, 27 
co) Ee eA A Ss he ee EES I en DE ok SAYA Ey 22 ba Ula Ds U1 
TSE eee RS ee eS ere Ne ene ee ee XV, 98; XVII, 169, 176; XVII, 176 
“Dre OF Ls ees eo eae ee eee PERE See Se XII, 136; XVII, 22, 46 
WrrMp ees CATA P PCOLOR Va Ole:8 <. <b «ake vtphse cna calccl oe sedate erendened se iaencet XVEILL = 72 
Lower magnesian limestone— 
description’ Of. sgssaceesc-- cesses. deoneeO ensues sada dnath Aree eas db sat tswddesss ane daee I,43, 81 
Houston (OA g . SE Ra anne Der a a SRE Deel eoe . ee ee ts ce See Seat N25 


228 TWENTY-FOURTH ANNUAL REPORT 
Olmsted’ Go 22st BA eas 8 nda ies Saes soca taeda aaa teen caer ap ee Fee IV, 86 
fevision Of strabioraphiy.cs. .c.s..ccgestac coos ns vaswnseewee acerca seteeeaee see ee eee XIV, 325 
Lower Quinnesec falls, greenStOne..........i...ccceesessececeees XXIII, 7-10,13,15, 18 
Woot Sil cca 122 «4.2 Senses sack sete sts ses eatseseasaosée ansthatecses snes ssscms see.ebsvoaseeeened XIX, 105 
Blue Wartherciven.:stsiec.c: «ss000s seands eee ade oo etears roceceaae see eee IX, 282 
fossils: ..s¢.c22¢2 VII, 100; V,51; Vi, 112; XV 5.315; X X11, 3; 2S 
Hoastag 80.0.2 -c.1 eee ceceh reese iee A. a Vv, 24° 
Hamellibranchiatas Ofer: cc...-c+ce.nct eae steer aes ose oe eee eo th a ten Lae eae XIX, 211 
@uarsries of 1n Mower Co7.. .:..22.<..sssdecstgeene tr aces accede se-cevennt oe oer Ill, 183 
PE DGEL | OGls-: sole e Fea nteracsc soho cdveavegade sade te eee iad iad ade day ot sna XIV, 55 
Si Croix (R. oe case acc feecaes sch vata eeoee alte de saeeree come cbs coeiene cere eee XIX, 105 
AD PEL NGSSISSIP Pitt .c0 3. moves couse mieapsencep eee ven oe eaieoaepadeaeteae seep eie XIX, 85, 89 
ower slateconslomerate.: nosc-cscn sb seen aeses sooseasesoaso esses onset MV Sito 
Lower Trentoun— 
Good hte: CO .eccc. eee hoes tess coe ctemetoecctnn soot teen capes seas eeee eb eeecn eee em VI, 45 
Raimisey CO sce csrseccceserecs Nai TSudve doin wadan geen ctosewstece Rvicees honest be ee eeaee eee Vix Fra 
Lower Twin falls, sreenstone...25...<.as...seesesterksestvnpstebeds sbssne-saaca pale XXIII, 28 
WOwer WOlCAMIC IPE OH P:-..2cce-0- pea sserse ooee sow -ve sop oae-eeatdedacens tor een seeaeeee X, 132 
Meant) Sa gr ion saa see taped cece come tb cctnu sheacscessivcecurbeenees><sscecesncoseceeencs -ethe some maaan TX,= 6a 
Time key: Gye ye sn 22. 2. ase cocn os censns onansnaeseennronnsctenneshSacseshronnrs-saehaelew. Celeb as -aaeieeee X08 
Lumbering resources— 

y of the tipper Mississippi... <.:.<0.sc0...cssecbesosssenstaull vosebecest=oeteee IX, 222 
AIT Y MICA CN pos ccae oe oeceonnsnensetesvonsteevtescQoccdencesaeeshy=cnpns ope eSvaaeseahiaery ee eatee XXII, 172 
M Pye. TANTES Shoe tas bnct vacce ces ons dees eeect aod cnwob thio LucivagunnshnapeassandeascereRneeinces XXIII, 76, 86 
Macculloch on hornblende rock..........::.sscccceceeeesseessseeeceeeeeeeseeeseseeasees XVIII, 159 
Macfarlane on conglomerates. ...........cces-sccrcccccepecencessacceoscameennes XVIII, 129 note 
INiactar lane; lh OtidSrrs.ccsccstewscereneseeouck cet tonsacewesepeacntrtectece XXIII, 144, 145, 153 
Macroscopical characters and field relations of gabbro..........ssseeee XXIII, 225 
Macroscopical facts (greenstones) not noted or misinterpreted....... XXIII, 6 
IMA A WASK At eet oe oec nt horton 0s Set ennves sees dadennassduswontouee | Seehoman steerer XVIII, 128 
IWTGL OC. os Se ops soc cea val ced ic sees contig pe seston ctbesearceh sek cams ch hast besaaesennbaeenererse XVIII, 129, 151 
Magnetic ores, non-titamiferOus.............cecccccseceessenersenteeseseeseessesenenanaaens XV, 216 
IM ap RC TIEE 2 oe Beth faze doers genes nics sos nive ee IX,11; XV, 244; XI, 17; XVII, 112 

ab PenOKee Caper tice: ccccconssnccossou es ct0d-are neta once Parnas scnevereo Osene eee XVI;192 
Ott Kittie lakes). ccrcducsandetecacts oscseovdeed osvuen thi stacks choose Rere. oe seas XVI, 209 
Gn MMi lakes scencthocss bat reoweunt rah Sxkeeb eases XVI, 235, 238, 244, 250, 266 
NOrt Takes hoic cc caus codes vesccevas vows secusvecectw-cowcncbuss tet eus seevee tap eaegeeteene XVI 272: 
Micose lake it:si 02008 ccc sccexcbesctesvacetdsdccndunuaetea ent thegtt yet ee eee XVI, 282 
TrOm lakes Jtiswestests a sesccs Sodentad eth teed ctutec tally halsoeusias cea siet tegen XVI, 305 
Garden lakescfos ccc. ccsecatectoasevedessuch sis lboattnectecactbaveeesced ve tapee naan XVI, 327 
Olivinitic, ANBLYVSIG OF :...6..isccutcces ots .covcsccOevepsussnbnsescunsbosavntebaeiene XIX, 123 
titaniferous ‘“ as ag lozaduvubdeatanctucciee SetavOnbia teeters hae XIX, 123; MX, 36 
Of the Mesabi Ramge ..c..siscccssoveesssscevsssepecssaandecndsvencessevagentveeentitn ama 
Magnesian slate Of Tacomic...........cccccccccscesseeeesecseaceceeneres XVIII, 75; 76,°00, eae 
FITECH COCK Okesssclads (Scascvsttecceeuslvkppesess vetshnsh cvecncekbe si agetusey teint XVIII, 99 
Magura (meteorite).......00......sscsscscesessssecesssssesestessnensnssssnsesesevestensenanens XIX, 174 
Miadine: Tacanre Anil). ol GB rcs sted snceesctcteccscastanvannetbceindsis cca esgeansanateenins X VILE Pe 
BOP VEY: Ofs......xboagsoraastevssecesbhedeuvuhvsvepoubeushouNswewss entektsncack tMmnam XVIII, 157 
Malachite co sicdheesciscacosschasvecovczdsccrocchetssubacsdsteVusdunt coanesttacect ses Seu nckttyanernnn XI, 28 
Mallmann, John; search for iron ore............+ geovneusveveenssenuns XV, 217 Save 
Sy OLN PON TALI Cosy watschesyanunaaswepatshssdcevaamiesseunsats XVIII, 38; XXIII, 141 


Malletanin’s C&MP..ccsesnccsscasdesccscovsincssccseoccccanesnes on epsuossedactasheinsesseswitnennve XXI, 86 


7 


| 
] 
| 
; 
! 
4 


STATE GEOLOGIST. 229 

IGA ets tes em eee ema ace and eco eoaaate cme ssecacencesesaoses MOST, Lai; 15; 26) 29, -52 
MPIALOT SNe Nam \utes tien caerccesascte mirc caneot ec esices ws cides Menten scccegotea te ayel oh wasnaideaetau XXI, 102 
Mammals, of Big’ Stone Wake and) vicinity.:....:.......2..0s:.ssccecocuonesceesceese XIil; 178 
WICH SAME SNe OAM Cr ser soet chest sesck cuccestrcet tessctotonturscccecseeste +. tee lucudlocssvnectbetes XX, 121 
ORIG Sat WMO MEICEl | O) ssscscrecseates pee escuu tics decsacscontdonten dascceonsee cee seeee? XXI, 80 

UV SIS iOileeec  recrens ee sch astac sas ss Sapeinatle sk anndose sc Sanne vcavba «ca eeeceee els Meee Lit 1 
PONCE S RIMES CHU CS: sees teen oat. cnncnqn0ns sey 4a cco Bune Baard vere: ausneddoddane ads etes’ Alain XxX, 138 
Mini EO Marple -ANEOUELEL OL. 21. ste.sscece ss ddetvace-aste-vade-ns<reu;cotaccnsuaeest ab ace! IX, 388 
Prot Gerkclaivi cess sosceacsect «ots op fas fdas tee overedees -cusses donee acseseade a: cnuahess 00 Fs a 557 

NV Eeerraai Otel SIME OLS OCS yrcecasoscas ios seedacese wensdnotenenrateaer ues <cctese XXIV, 25 (foot note) 
TVS ESAS XED TETRTYET ASS Bake NO a Sg NT ee 0 ee ae Re nea ee Asan IX, 41 
Nolayrlkerdeh J pty asad, jet TT AEE Pe oaavar a peers HR SRE RRIE = 278 Pe aeRO Er Une eam XI, 177, 179, 180 
CAS soca ahs oases cease onsven tas sseds seacendetcace deadap sbonenes coltunseettsesae sarecuetesene XII, 143 
chenncal analysis Of DOLINGS!....c..cese-tctece te cocre~ soe senssccseseetee sess XIX, 124 
CAG TL OS's 02 Ooseeact 5 7e secs ea stacts cocastecacedt she teeeeesevtstcens Sadcees ee ienece te eapeatn ess I, 6Y 

(EK EEACEO (1S rac tea teeter cedecae see dose tet othe oct dtoa see gucdisn dance mcneeonccnemtseeetaoeaes II, 178 

SUV Lie eee ee ci se SC Sac Mais CS Ree RES aes as SASS EEO DOIG, 183 

SECHI OMA Ol LOCKS rc sec oseaueuvarccne lose se eeenean Fee naa eae oes aaeelotee ea maes esas II, 145 

tere kal ts Bait set creas esterase care eee oc SEL Spon oro aa eee aE II, 206 

MUI eareN eC avi esse dos farsa eich ccc s sages teases test cn osors oesmes nes eema reek eoceo ren dese ene tase ce teaae saan IV, 99 
IH/BiG (BION IET Ae eaneotn AoccBeapecceC a ac Hane eer ce cone obec ioa ac cooada-conacocesnGace coe cacaseone Baa IV, 53 
Wieitalewitn he Wee wid Gill..csseac igo acossccscesvcaccecercesencoveess X, 91; XVI, 95; X XI, 114 
SALTER STIEE Aaa ME PR Sea Rae apr a nT SE Cio OOD e: Ae Rt Seah hoa AL 5 TW S42 - Oxale iol 
MMeineo ny jules; On MACONIC.<. 6245 ¢.cc-sesnenceversecets «40s XVII,49; XVIII, 75 note, 81 
Cones pondencelof, wit hob mimMOns..-..-s.se+--s22--e sare see sce taeece: XVIII, 81, 82 

on issue between Barrande and Hall...........0.ccccosceceeosccneewecece XVIII, 108 
Miarmier supmersence,, Champlain. ..:.5..-,-crec20-dccsuteccese orn tascs08rina on etaace > OGVE AG) 
Mie enOml ero ns Balls. < ccc ccasiqoshos essa dotasaccsetsey deeds odsslstedaenancstackunsee XXIII, 199 
ATARI S 1S Of ocne race sees net se rae sc eee eile Nacsa n Satyaissere iemeeo semen te eas eset EG) 

SHElI Sie OI 2. screws heres rose acen Seca tee ceate naar steatakesua X28) KOC QO 

Meinis and: limestones, tot exaimitlede..:..ce.cccesrcces: -¢ cecetas setectaeerwcew esses XXIV, xxiii 
Wernoriettes COs Mach: mM itleS, 3.002 0a: :casasosr-nttoscasasescecler MSL, Sl OVI ie 50) 
Are Of iron Pearin TOCKS.»...ie.2s.ch--s deers coeadccsseenet ene XVI, 184; XXI, 87 
GISCOWEHES Of LOM Ole recssc sc cesesee son eae obec cheatenenoeceseoseesecsee reas XXII, 132 

POLE LUC RO PESHTIIN Citesn ste etctameasee hectencnstone sees ates DONA: S)-XaV  S) 

PL CCHSL ONES. s.0. ance cat crcdse const Seopeosaeceten DOGO (Raley Ge a Ae isi. iil 
TKOUUMCALIN OFTOCKS ei aessec sober eee sesceacezcee sess asthohenoes XVI, 40, 50; X XI, 187 

AT OMMORES occ h aes coe eee ae ed OTR Acoh gs Pacdces tebasecesene sous OPAL 2 DOU 8 

LOU UCHOL TMMMES hss .ctusse vac encresnete eee scnceonestdtens sos odestatee ne eneracesses XUT, 32 

LOCK AL OE ELONSE! POM baer en csee saeu-- vo ocesttecstees beseecoeee neece XVI, 50, 182 
SAMI CS ee Fionn asses cceecgesscus c's stacnaccs vo labedcee te ctb Maes cok seteatosttaueetoeaecen REVI eI Ste 7 
SHUPMLENESAOF WLON OTE sa ssasieteesese ca wsoce sec testcenccore tebetee tee eee >: OG 5 0 Be) iiss 

INFAIL CPIEELOSGCLICS fee se rarer aa oie aast eco gan seta es soccaucnewses vous beiecc aeteteeendeats XVIII, 88, 113 
SGOOKSIOTU E ceeasincce ciate eeceeu oe a Tete roa Soe, Seed Ean Soe da DQvaddeakzvab 
INGZEIWitrichellli Oris: cee teedaveaten at ccc evecsreaseecees cascee ses ea nee eee eet XVIII, 183 

ROM SEMTON ire. ose sets sc host duce iaFonh wees toe acs eee vathaa dase Rier we enisneiod XVIII, 188 

Vite WARN Op OMe: whe seer sooo sce eees dade eds sticee cua sidcodoemectotdet tte rec ascaces XVIII, 205 
MAL MEL LIANE OV SECM rt: occ. fcc cteecc sarees fone sz 2 -Roceewencnae eee te ok tens XVI, 366 
Mitanstaall: [At eSc. aecoa. ccc svaces sh. sses scavescts occescsvvcdesassccesnccastevscebe se cots doeee XXII, 136 
1,4 DEW ENA DYER is ad bee GCs oto | pana eee OSS ee ie Se ace a ee MVIT, 1a: KVL V99 
MATeLIAL MeSONLCeS- ball OTE COUMEYss-...or--e--teieec res nesseeccs-shcess. cobesnes anon JONG ir 


FE REE DOL COMMEYatede. c-cd cdot aacseussecacadaeseventecrsessses-- Seeccaas pecans III, 162 


230 TWENTY-FOURTH ANNUAL REPORT 
Hennepin County <<. cozccgecescs sess carte esctas tee cvs nic oe ae ee IV, 189 
AGB SEONICOMNEY co 5-90 0-6-n er bap aocceacccace secon tt onagheeersdcterysrensseee eee ee eee IV, 44 
IMO WEE COUDEY! 2220 .0.c550.cssecosscecsorssocssts snueees suoule cases besser acecs re ee ee Een III, 185 
RAMSEY y COUNTY. ssses002c0cesssetsccssscconrecopescenncescsesesssaatdssceaseee © eee ae Vio 
IR OCI COUNEY 9, coz Scn<soz 0 secs -ncesovse sasagnacseaseanterpesossstenses oatncne stone eee Vistas 
TRACE COMMILILY, <0 0ub0- odie cadens sussb ois tose dpasist ensgabdade dente any ese) sn seec ae eee VI, 123 
Mastodonat Stillwater: 2.0.5 ).0s0ss.0s.-0dearaev eases soteteestc see secn cases ee eee eee ViGteoa 
INGE OE, OW, «WY cos sissies sectsessstoves coos secaxccansaeas estes nme nee tres scon: tae the ses aoe eee XVII, 61 
On the Potsdam in. the first. district, INSWVe ~...0.2<.22.-2-se0sececeeteee ee pa (2 7( 
OPPOSES: LaCOMICs..0c,.. 52 <csesercveces sesete sector esttinereRe etoneteece eee XVIII, 71, 103 
Oll! AN VELSIONS 53. 45 ss ose aiessossshe ceive cusconstonck or cacebosewcsne cates sep ece eee XVIII, 94 
Wa thetia (FOS OSA... cd. <ccss<<nrcn<coseaees denves toosbebwccotes seaesnees=phecceaceedacnan-7Meeeee XIX, 241 
Natthew, GF. Opinions OF. 0.2.54 24: <.k-sescdieescs nee oes nesode oeedecsteeer ee ecaeee XVIII, 156 
Mayhew, Henry, discovered 1601 /OLe:;.....c 000. <c--n- stone so 3s od aet see es ee XVI, 80 
Meopper LOCALHON......2..052ccs2.-acus-aescosseaenonseveenieecipcnsssseaon coeeneey DaLeEeae TX, ae 
Mavihew ake. <-: 2. .22....c00-c8ees X, 80; XVI, 78,304;XVIT, 105, 169; XVIII, 178 
MMe Caskall | (fob 2:e2.< ices cosscs cece cot sane deeseus-cvoetenceoes ooces sr detetaeecaensere racer XXIII, 142 
MoCarleywille sells j.cscsccsvesceaviscsectcocevaaseraupetencsgasseseos oo peepee yee VI, 19 
IPE CHAE Ken GSB ricpivdsbs cove seaendonsee decessewsscdascstees oases ssosscbee seen te eee XXIII, 153 
IMeDermotty “Walter. > .2d...0s.5.s20stescecsh sous uacentteassVovens cocked eee eaee sree eres XX S3 
MCE wen “Wea Chl..s..oscsceseasioaesstusbosansceslesacteqstnsase she soluvee ts cueteeovoeen=ce eee XXII, 61 
ICIN EOS: ic erence soasedeehs tsdcaos tess caceessancie es sens onsessteseet eee ee eee XXIII, 104 
MeKellar WArchibal dic:-:2.4.5:.ccesecucceatescatoesctect ances cov arecuce- eee eee XXIII, 147 
DY ay 28 c Naan ich Seen Re ere See PO as eee SERN eee PGS Pac XXIII, 147 
POUL SL SE Leos oscdacitexeacacses taucdiveate Mover te seeekee nates ete ceametoee XXIII, 144 
BGLOK fisscc hese cea tessases ccevaceesse atte teees XX, 198; XXIII, 45, 144, 147, 153 
IMcKcanleyaaiin@)..22 30.22. .20-<0-25-2 500 Sper hs: eee XX, 164; XXT 125; Xena 
INTER SICK ORs hyde ocs ot Soetcise acs cattentes sae oes cap anast elcaesesce see taeec ene tee ee eee XIX, 122 
INT GN ANE OWT osc acasnseyoasvccsesssvececessscaspessacestacd saa caweses Saseaes 5 -eeee eee XXIII, 134 
IMG Vian, Us A, oct cet. c cnet hes ttvesss dvs ondgiswsscacssocetesaonist ontussetece: Sete XXIII, 144 
Measurement of Postglacial period |. .cc.2. fic. cceecteseeveceone <encunseveseeneng XXII, 181 
INTEGI1 Al UNV OL AINE i, ccs atesachseosbscccecactecdaadsGeascacdencs cotdeot ens ueeet costae tee een IX oor 
Medicinali waters; of Hennepin-= Co....2.....).c.0csseccssss-avseecenseeestte tain cds V,198 
MMiscities SAT STONE, shi sc ccqesseacecsesac cos osha cas sscccesoonuhacevae neste eee XVIII, 98 
Medvedeiva (Meteorite) 5.02.52... ccsctosconcvcsecosscocsepoesonke-totansiat=ever eae cae XIX 170 
Meeds; Ac occpecsss estates XVII, 77,149; XXI, 144; XXII, 2, 48; 160; 167, 17s 
EX PIOMMMTON ITE SIONAL. perccasence on aowscccontseccnsresteeerec eoneeerer een XVII, 77; 149 
ATIAIYSESi ts scus vgzendince cis desecard XXI, 42, 43, 151; X XIII,203, 208, 210, 213 
rock samples collected | Diys.scves<ss0<+<ascancsbvassousssoeneevsltccs sas teeoreamn XXII, 87 
ICSC SB IZALKE. 5... .cessapssnsersocatesvaceveervswesnccasdece<poee Ut ss eet ste aes aU rede Rr eeeee ne XVII, 172 
Meek and Hayden, the Benton. pronp.............sascssesvanspesstuerese IV, 56; XIV, 110 
Meeker Co. boulder clays.3....5.cc.saveeeresss0sc0eevnsxessedncpseeseurtsee- setae XIII, 155, 164 
TIGRE OF, 5.000: cede sus cMcoatdveare ssckstpeashoscvuse sapeuseacaens sven se eameneee en tamnnnnan IX, 261 
Megascopic characters:of preenstOnes.....:.s.<.seo.denes<sssssercssndecessos anveee XXIII, 22 
Miejilones (MeteOrite),....iiy.cescsscnsscerseuessossssavstacpsvsasasnivdzecvuctians ts te ane XIX, 182 
Melaphyrs: 
DENTE vaverrevaccevsscattovesoncupure cndbostbinedsetct XI, 39, 47; XIX, 114; XIX, 116 
APLOL IS WAG ics ncdvoacetavussshavcabas sly eesevadete Cy ipceashsecuteras XI, 45; XIX, 105 
SAU RA DIGG cesncic arses ssvnesvdecwsdvaskuseantusesvagubintaesesxehectes ace eines tna XI, 48 
DESL ATLECEILES doce danse ssdcodeuschovievectcxsarvapant oe ¥ergskecdd pesksecndcvwninkuh taereekacrren: mannan XI, 26 
ITClL OBE, NSCCATHB (COs cc cusescvesvcogensssspncevesessvbues wounclhteststtatersentusrsneheievent ge ieeee XI, 104 


DT ET CCE TITER ivcshsnddute sts tviressedhuns.cousvurs psu ckCuoues snvi Peet Tene ipiae XI, 17; XV, 106, 167 


———— 


STATE GEOLOGIST. 231 


Monat island...c....cccccccscscssscceserecceccscenscssecccccsenecesccececeesenens OVE SS eI et 
Mendota, artisian well.........:..:scsccsseseeercesensersessseseneenenaanrerenssnsensetens XIII, 55 
Menomienee district... .cccccccessececceseeeceeeeneeeessees XVII, 48; XVIII, 156, 173, 194 
discoveries Of iON OFE.......cceeseceeeeeseeeessenreeeennnseeettrsaeeeesnneesensy XXIII, 135 
pea oa 1-100) tee OXee 13 Gps 
{LOM OFES, AGE Of.......ssesseeneeereesensrseesenseernecsseetssessenssenseeecenses XGMLL, 23 
Meer iLL) Ble Eossccccccccecceeoccsacctsvecceeonysnsecarsncsnstroassennonenenseneanetcsescerececeratente XXII, 142 
MREEEIEE BOS. CLECC..c2cccenc-nct--onneccenesencnseeconensceeennecranscoonnenseuseenserenesac ances OG, 
Merritt, W. eae eae ca eee cracee eee eects eceencreetrepee arene 127,128 
PR acon acne otcale ound yeep acae sea tale we senodee nae acncennenas XXIII, 142 
MRR, os veinc cas dus hagnscancdeqrenccessnoncenceereeuenceanenccaneaae XXIII, 140 
PL aes ade eee watccedaa goetescesnn sn -snmgnadesonnnaesncmeroseretsnensenh od XXIII, 142 
TUTE) (agree, ee nt ReRSe oe cece bees eae edocaceaaeccade  S0do goo See cE ISS SOCOU AIC ST XXIII, 142 
Mesabi Heights.............:cesccsccescssesesereesecsesneressnareasensersonneeserseess VT exes iG 


Mesabi Iron Range, VII, 22; IX, 107; XT 156; NIT,” 20); XVII, 47; 
MVIM, 204. XX) 1135 XXIV, 47. 


age Of the LOCKS.......c.---crssesseienserdeccecseessanenseressnenccnesesessescrenessetes® XI, 168 
comparison with other OreS........-csessesesessesereesrettete tsetse seen XX, 181 
CEPOSIES......eceeseceeeeseeeeeesteeerterees coes Fe Aetna Heigepcnoce XX, 129 
discoveries Of irOM OFE........c.eesessserrreereneeetesenceaeneesenerececestettess XXIII, 141 
BTEC ees Sacac nc sacsoateact«ocedeuwaeseoaeion eau saeebaenacnan=aveganecnatss7“ec eae XxX, 116 
Field ObServatiONS...........sesserccsceesssssnrsrreeeeeesensnseneneeesesecensaneres Xaver 
Geology by H. V. Windell...........scscsccssseccecesssrerseneesrensnsencenerecers OG alabl 
Geology and geOQnOSY......sssccssesseesetreeeseesseseesennensensesess esses ees KX, 118 
general SeCtiON........csc.scesesessesereterscsensseneeetnanenceneneee esses eee ees XXII, 118 
$n COOK COUNEY........ceecceeescceceerscrsnecesnceerenesnensesceesacsonacasereeness XXIV, 123 
Method of sampling.........:ccecceeccsseerseserseenseeneetsressectsansnceseeces ens XX, 147 
Method and cost of mining........::--seesccseeeerereeeseessessesneeeeeseneees XX, 172 
mear Gtinflint lakke.............ccuccedeceene-scnenccencccnsnsesecveneresesorererses XEXTVS 25 
MIO LESH Of coc isccsssecdecceease-ceccsacssvoaqseo*cescorseererwasasenenanescses XXI, 79, 82, 116 
RV CCEMERETICE. concedes cs atdetoncncsccdoseieeantnwoan-aneansananennrannsedeersercnacnrenress= XK LBS 
order of the stratagraphy.........-seseeeccseereeeerrseetsserenenneetnsete sees B.D, Fea yb 
RET ARI OLS oes cxacialan scenes sonesscanesxcezavarensarcsonesnetaserc=n ins ogeer. caereas “ESS XX, 138 
Onl SEC. 27, T. GO-13B..2....-.-.-cceetecteccesecersecevecnssersncenncnecesscnsercecens MOLE 82 
Geli bey Of ca--n20-2csncunes<czsonocnnenncaesesneeonscnncsseaensssesaseseeserepen es ania XX, 146 
Quantity Of iron OTC..........sesseeeenetereeseeeneteneesenenenetete enter eee ee XX, 174 
shipments Of irOn OT€........-esceeseeeeteeseteteetseesttetne tees SOUHI Ee Palin a7 
spelling PAE at ee a Me Se ens cece otreaesns ne XXII, 141 
some problems of the iron ore of, by N. H. Winchell............---. XXI, 134 
sub-lease Of mines Of..........ccceceseeeceeesenenseeesntneeststenseaaaanerees DO.CalGyay ley! 
transportation .........++++ Ae RS oy sade inna npcees temenarece see BXOKe l(c 
walue of, to the State.........cccccsccesccsrsesretscesecssecssessensenssneserenees XO LD 
WATIELIES Of the OFE.........c0-ceeeeetseseneerersecsnsrecactenencaeaneaacsesenaccterstcs XX, 134 
Mesabi Mountain...........---.sccccccccesessnrscccessssnsrreescesesenersoncnnonss senses MOAT, B28 
Mesaba ee NOS thi endian seta oe eee Ly 250 
Whesabi MOraities....<.cccs-2-asceco-csesncesnnnceseocncsnccncnnecnvsnperenenstsacesnecersneneeet exe 50 


range, X, 84; XIII, 21; XVI, 134, 234, 249, 300; XXI, 118; 
XXII, 28, 29, 31, 33. 


FOE te ncaa de So ps ett ea gaan hac aa= ann ormasedneyccenconengnpeneecoaae st! DO. GU Fale: 5: 
Metamorphic ROcks.........:.scsccssssessessesesscenserensessenennanennenseee steer o8 I, 64, 
CupriferOUs.ace--scoes.-cencersorcocrncssonssnneceearonsscenterdernarcecsnenessereere 7 VIII, 23 


TV EAN ea Tse see aes net cae = Gees cas san sewanadeaavesesnoncasnanesoesaonssso3teaesenop os Wiles eto 


232 TWENTY-FOURTH ANNUAL REPORT 


BR: Ste PAA Feiwe saeco cou dh tea geteke cea gargiteecseantg meee ARE Fert XVIII, 117 
LOL Pee tea crene ss occt const ane act cocsas cectaaasek ence ease snesounns saeazeeee gan peeeeee ne aeeaeas X, 140 
RV ICE WOH PET IOL, 900): 3b -2nceepsenencananpcopardvudenspabysenereeeriaah eae XVIII, 88, 91 
northern, Minnesota) .c..2.cAc-co.csesceccscancectnetscndcdes esas dedicseveus Sees aeteeaee Xiase 
Score oO fh. 6) 2: Cem cee aa PMY =. 9G SS GR Re ae: 5-035 XVIII, 112 
theory {(Bitcheock)\-..222.25.2...02e sess cpdeucssvetusnet a .sudssecaseree es XVIII, 95 
Wes Fe ON S10) oss oe on oe cn can et anoats 05 nn sat gana caewneeeararatav- nas searaes XX, 11; XVI, 156 
WA VTNCA IISA 3 25 Sooo So cas ces snag casts sa heotnc swansea zate asec ean XXIII, 31, 29 
ATL Mit Cbi Ati oe soce ct saree choke sas lance seg tiee eee ae heen soba ee eee XVIII, 171 
Ati, WISCOMSIN.:.02.c-5-<.0+s ounces casccncepoes -cettenrotate aavosece Ssoneate tess aeee XVIII, 197 
DT YAR SOM 5. naceodascae Soadonssncsannne sagalannce sade dante ratte oshcemeac Sane «oS ee XVIII, 218 
puilosophy Of dytawmiic... 22.28 ciccas« oetae aroepnur ea oonmee XX, 22; XXIII, 29 
FESHItING INP NEOUS TOC Ks...c--c.csaech ase -5=teans=sooeeo<eaebesen opeeae ee XXIV; 2 
lof Geb les 57. a sce ncece wns de sacs ede cet eee ental aa sae tee XVI, 346 
IVICLCO TILES ack 2 xe hoe ns hove rss hee co dee deadaistne s dotee eee a aan ee Ee VIII; 176; XXTIT 207 
catalogue of inthe Univ, Collections. i.2--..:nseses-c-esueereoeuvarers trees XIX, 170. 
Methods; Boricky’s miecro-chemical, (25 0-...0.cesoneeswess ccs e-soneeeceeaenees XIX, 54 
: ini portance Of methodS..-.2...s0s--cc-cigee<teeatese. eee XIX, 64 
Micro-chemical FESES A ool sic sn. scb ek soe task coc cewen duce ce REESE eee ee Ek Eats 
Of mining at the Mesa Dies. x i aevcncods-22sase0-nscens se meeeeanse s+ see ee XX, 172 
of sampling Mesabi iron O6€S,.2¢.. 500.0... .<sncenc0s sane dqamechanosentass eee XX, 147 
Of EeSting fot POAC ss <-ca.5--acteoccevonvocupneesotaeneesos/ehooadoceetene cae ee II, 99 
OfmMiCLOSCO PIS IEHOlLO—iyiced--=ewe-neseses-eroneeecases occas «en eeneeeee VILE Li Seven 
of preparation of diatomacece::-. 22. :-ra:--cc.,-cees-cassns snoweee sep oe XX, 310 
OF POS PEC, o.oo. y luce ecacensevohngs <3digset snes duet daleekte Sessa e eee ere? ©. ha © 
OF LOpOpraply. . tise. .es-kitesccasen-sths ssnetocsogececcestess oes Saanesecccne neem XX, 134 
Mica (see also under schists.) 
Gistinetion (Of: 5.2 wccckccc Seaeeno thes vases eecey owes totae tae eRe eae: ea XIX, 28 
slate, It CH COCK Ont. ccc.scees.cesee obs eoess ccevcustestheecenes s0ay eet ne ete name X Vil 9s 
schist group, XIII, 125, 128, 137, 140; XV, 287, 296, 338; XVIII, 193 
schists of Itasca COUNtYs.......ccccessecos-dsssse0 sveeuetonses+decosssse son dew ae eee gman 
Bt RAY TAG: c5. 02.5 igeces cvnzosnsaee dora sdeby sens soget sotkcuna oat eee ee eee XXIII, 98 
LOLALIGN £O SHAE Leo acecns peo en-20avensemweownens peeeeoseeReeRCSR SEE XXIV, 7, 43 _ 
DGRCH SAREE SANE 0 oes once vise ctoydodaenn 0270s stavdeeudune tdevscasee eee UY XVI, 49, 177 
Whichigan, TAGONIC 100.055.5000 cn0dsnceteresoyssovns sencasbvousconisekosob revels MEReeE XVIII, 77, 89 
traditicnal ceolopy iths...cee ssw oscen eect ewoneseabocdunchwsrsvtaease ieee XVIII, 170 
Michigan, Upper peninsula, Houghton on.............ccccceeeeeeeees XVIII, 87,88, 91 
WHICH ICO GE PA VET (02. native scsss cndiansece sawn ss susaitntabiunpediaa tanh sharereeee XVIII, 133, 134 
TOA sevcevesvosscencbesceressarsag oun sewn evcysekve stuseiss dock sksnsude dba Ubu ip sant sean 
Micro-chemical tests, method Of-.......0<cev's.cpovccesevecsvdccs. cuestuseiestecsen peas IDS ake 
ITM POKEATICE Ofss.cuvtossvestesseceheevayedt syste ddartVaite isaynisheate eee XIX, 64 
Miacrodiscns quadricOstatus,.:.:....sccrsssctyes.sssctucsnpesonssdnure ssihueeAtbos XVIII, 79, ‘80 
BIFEEOSCO MIC CHALACTETS: avavy..0vss-evece eotNsbupnbuenssscveeece teva ne XIX, 17, 738; XX, 18 
GE CEVSTALG ass scessPsecsvacessisecscaneesnasssavcestoankedusacaveyetesa tk fieeeeaennne VIII, 14 
of bedded and banded Pabbrosisss..<.scsscsssecssnscstetveas txssssheredee XXIII, 228 
Ofiteldspar OF PO GMALY TE. .cve.vacsicovecccctcassvbersenpsdheststuseesenkveureeee XXIV, 4 
OF PHEEHBLONES.....diyosssvscovsusssedacsbusce sev cSoe.<¥ crease shcsuyenbsdeus c/eas) seem mnn nan 
facts CONCErning PTEeCNBtONES...2.....50...ceseseoncenes »ssrsancsntsinuys}yeoueuiel i tan 
thin BECtiOn, HOW PrePALC cc ncrivorsvscarsecvgnsesvachesuchnsvenmnpavisaaeenny Vi tal 
DEMDARI, Dakotas Well, ssisvs <aisstouscensduchsvecscscetvassastuvctganeccsststebaneeareernns XIV, 14 
Pei Ne SRC a veces Vis ucets avs unshocsivns situs tuvadasovcuabuses) -dedbtdeisan tia: coat ene X, 185, 205 
PS C8 Oey civescraivecteevieaiomnsinivisresiea ia eeianmnive XI, 117; XIV, 343; XXII, 46 


ee ee ee ee ee ee eS ee 


= 


STATE GEOLOGIST 233 

Miller, Dr.—acknowled gements.........ssecccesecceseeeeeeeeeseseeenneeeeesseereeeneseeens Dart ( 
Miller, W. G.......cceecccseessseecsescccocccccepeccnscnsenertsencessecsseebesccesesascenceneaes XXIII, 83 
Milligan, Geo. C., aid in developing the iron mines............:eeeerees XX, 115 
SAH Se Ped SUS ee ey A Be RICE PEE ECE REEL PE EE COREE PRC Eeecic ss 3 Senseo IX, 569 
MONTE Talal eee reece oe Oe oa whe Rens eoc tee bees ot sated ieee aabastcosreanane ae XI, 29; 11, 201 
paint at Redwood R..........:ccesseessteeeeesseeenseeeesesesseeeesnenesennens II, 168, 203 
“Mineral lands.......cccccescecesceneeseeeereeeesenseesecsecnasseesseeensesseneeccenserenaeseeneeneens X, 196 
Mineral region of Lake Superior.........ess-ceeeessceseeeeseeseesseseesenneeeees XVIII, 90 note 
characters, how far to be employed...........ccssseeeeeeeeeeeeeeeeeeee es XVIII, 163 

TE rate eS: ONT EER = Cen De BEDE Co Eocene eneac PEC btc cP LOAL) AP CoD O CEO COGee ceaep occa XVIII, 174 
deposits of Lake Superior region..............-eesseseeeeeseeeeesesseeees XXIII, 116 

WALI MAM ALY SIS a-eccese--cducecssootsceesscccewacsesbnaate= IV, 113; V, 61; XXIII, 205 
Minerals, secondary enlargements Of.............s:eeeeeeeereeees XVIII, 201-2, 205 note 
PELCSO TAI TIN CSO Lain ecod coo cdecoar doe eeetieeteesses caseacsdsecssece XI, 5; XXIII, 194 
Mineral waters, not-examined®..............ccccssesseerenceeecresensersncesenvensenes XXIV, xxiii 
Mineralogy of Minnesota........cccccsssssecccssneceeeesseseeetsseeseeesnssseesensareseneaees Ss 
of granite of Kekequabic lake.............:ccesecceesseeeeseeeeseeeeseecenees XXI, 43 
Mines: analyses of Vermillion OFeS.........-:::::::ccccceeeeeeeesseseseeeeeeeneeeeees XIII, 34 
ArMStrOng, 1FON MINE.............-cceeeeeeeeeeeseeeettetennereeteteeeeeeeeseaeaees x 29 

TER are) yt eee eee ceo aE SSE Boe ion cornice Sao oben enna asaase XEXS SG 
IBLELbUHE IFON TATE ss .c-.-5-0-<0 2c accacactsvcte. ssbaadesseens oes -aoen XIII, 29; XV, 249 

Heel eitid: We llit OE OTe ences .sesssqcc~-b-ccseee sean eoasccete sees esceccrns «nsysecenes XVI, 13 

(SAE ON: c5.c.csescecncon leet Been gins occ ccuidlen somey aetie wat conde Tsa totes Anchors teens tacente OMS 
ORY ri Prien oe ag ade BR ee EN Se aaa Pheer Sere REX DS 

Bayi WESTIN fone; Sea Bas Hapal ssn daes -stteceesects-cceneraedeaedpotaerth: XI, 28: XV, 225 
etter wl abari els ee alle te eo eoe concen cose tes ecaentes teen den sonetncbs eh eracastes XOX 59 

HB eMECeNS ES CLIO Te ee occa esos scan aoe een on cess awn cee Hemsewner aes wee 

TLDS TEAR TT 01 e eee RACES te SuSE CER OCR eh Bene Aen ae or odor aanrccBoS SOME sO 

Lone Jack, Wyo., Great Western and Rouchleat.................-++- XX, 1163 
Marquetto Co., Mich............::scseseeeeeceeceecceceneneenecseecececeeseeseeeens >GNGh Sel 
«STEPS Seg Aas Ga Ween na Re ea SENS ae We ee emer er cca oe. ral 3 

IN SS Ve aN Woe ye ere Wega ae eet Smee coal ng Meanie tere Eee Rays), ced (a9 

“EET ECR antec aeRO ER CPE) ele eee eee Dee RST XVIII, 54 

DNS OATIACE 2,287. foceeseccancecurcossdoc! one ronphenwes -eusurSe erie ieses eh anes spa 7s05- = 20ac2 XVI, 40 

Pee a A ATIC oon onc den cw nod soe So ste wS aa sent cans 2au <a caces See eesen sé pret acae> bh = nhs XX, 163 

COV p cea ecco ee een oe snes te ee sete ota tencecs addon ACob ese re sate at saan settee NOG UL 

EO AUC ACKS iy seseeeucte Pe eate eo ee cre eres sos tic icon seesaw anccentenns snessardescees XX, 163 
redeet of Miner plats c.-210.0.2 crs. ac-0i<ocarwnaceagheereveudcgradey rr Ey 

SE La ree ae ee ee Saas 8 Lo edad duesee sac eaencemaceeesecens GOVT 2: 

SHOW TheOF crt bho See Ram Ae eee 9 GA COe COCR EERE EDC DRCEEEEEEET PEC EPeEEL CERY eit ce Gc 2 G0 a 247 

QE ee za 1 O Hef Oe ode tok dene cen eee te econ Leone eonan soseporee ve XIII, 27; XV, 225 

AL OWELIEOM UNINC? 228-2 s.cttec esc dcecatocstess XIII, 28; XVIII, 27- XV, 247, 261 

MERE AIO TING ISBT Gtae-esce es eeeeseeee aacds oes non bestoneceneckoe=cnereteenre eset DOIN Ge PAT 

AV sligex Tt Aecteeeeecceteee cee ie ss eco scferesec a. cones inoasases se sadovenocnsesecapessomaas soos xm, 1163 
Mebrttinder Wet NEUES OLA. <22c.cecc. ac cdosasu1ctueseoseqnccdecvedvastaxeseadaqeddae VII, 9; VIII, 134 
MAWESHLE DEL OREO Petts rces cote er cece pe scace soe oect Secesoncnntsenssaetescacssetacese XI, 195 

HSE GRC OUP AN IES May icc sc .tess oA cece aosndsscecuch vaniyadtandadsesgaetectecsaeososues XX, 166 

on lake Superior, bibliography Of..............000..ctvcesseesseoenerescees XXIII, 148 

Pi OPENS Ohta sat node os doc doc oavzodttvds Aadanon todd se vabedevtweses steer’ ean lay geo. SS 0B als 
Mitndalelle: laice eMecke ce On: se. ctscress <oscdanss <> Reaedescsseatcccnssate sent sccescevss ces IX;262 
WRNRAIMC PD YOUUS coca cdesverers<tzaccaseosessborcsh-raoseseugessddenssanant ee Jad-tcnaveedaacoe=0s XXII, 32, 44 
chemical analysis of water from riveT..........c.ceseeeeceeceenneeeeeeeenenens Ale ay, 


234 ‘ TWENTY-FOURTH ANNUAL REPORT 
Gags WEL. Socp2isconssas swovahsestssu-varapepbaoest hua aeeeaeen a Remeron X; 211 5 KE e50 
well.at West: Hlotel iv. .ie..iecsvsectoetapas setece nee ecvncpean cos eoe ee eae XIV 5 ata! 
avell at Lake woodscemneerycs-c225--- ce raane eeseeceaeee =scenepns-cneeensmeseeee XIV, 12 
ELAWELLITIC.2oacsanercssssocssrasescbacvacsssancssnaastnassteoscorsGepeescecepe omuae rea XXIII, 198 
Minnehaha Co., Dakota, notes on the geology Of..............:2000++ wae XIII, 88 
PIPESEONE OF 320... c20es+acenseyen aye fosnsocbadeonarsevleceoeureansanseewe vrai XIII, 91 
LOCK SCCEOMN scséisoccccoceceescoscecussaoe seobasd Wesson bent ta noe sbi bb dks cocee ut taee eee I, 96 
Minnesota, coal in northern part.:.c.c--cce-s-s--cueeeeasecasersre2adaceeecenceceone rede XX, 179 
frasmental formatiOns 10). ....2500c.ecedeeceatasnecoonccvcgs-an-reses¥suh pce XVII, 133 
Peology Of Valley. :...2.00.050secvccsescessessesenssnnradponwoaonnersssen coosenereneeawnad II, 127 
geology of northeastern Part..2c....-cccccsccschersnstsenssecensseceveoseosness XV, 13 
PTANIEES, COMPALATLVe SELENE Wik vesc pecs catscnctenrsWestavenaasecvvendueaies XII, 14 
PLCCHSEONES, 23. oon. ncncctoosdnerth seh eure tareh verencoeeeeeceaveny aie XXII, 7,12; 166s 
BERAGIS SON oh oes costo supe masntenics no thse ee eer eranetne recreate (see geological maps) 
MINELAIS, NOLES \OMl..5.-5 sounder sseae-cceeeeecess -otease Racer oer aeeene XI, 5; XXIII, 194 
MINES, PLOGUCt WOl.s..528+..10<. cance cteevaterasdnoopeeas meee elaat rea eee XXIII, 217 
names derived from the DakOtai.c.ss:.c.2.222sescebesersceesicecoeeear se eeee XIII, 104 
names detived from the Chippewas: ....ticccscsecccvessssccesss-seereutesere XV, 451 
POA ES: cavscvng atest icctetnaose cop ct sesecnavenssaterkacsssvs tore sees Seaeeens cer ee tenement TY, Ox: 
£OPOLSTaApPhilal SULWEY...n2 cc sseseneansdaten -ebere .evnenaensdeeaspn arse eeeee XXIII, 166 
report of northwestern Minnesota. ..........02.ssc.-0nssec-conseceooooevess XXI, 68 
reports Of @old Was, ha. o.oo sb2-seen droge chaectennonensapereepee rece arama XXIII, 101 
LOCKS LADUE 5.cc55.05 s05 ccc setae one Soe Woerncaecetasecuc tects coreenene et ane XVIII, 188 
sketch of geology Of....cc.5.0<.t.eseee.ncdeasoosngedactawh «a labacuaek nnnuag ele Vege I, 64 
* valley, meOlOpy Of. 0.0: s..0..2..-canseetaccnscenaptdshterpsnasnneien seater ss ee enn Il, 127 
chemical analysis of water frOMi.........0..c..c0nse-conss---ccabessssocenesecsons XI, 178 
IMahnesota alls stsccs...-0ssetsed von vavevncdeveetcsceeesseee nie II, 170 
MGmHeSOEA PO tc... <2..0.J0flsovscctr~s0a savas ceseretsce ss tae enes teers Cer neneeee X, 193; XX, 202 
Minnesota fiver, Cle va tiOniisescs.ccescesus secde- tooo epsaceencarone peeeyoneeanee ase meena VIIt,. -93 
BOUECE ss ceccteonsecsnesteonvetacarcsneecsacs sagt soasmcurha ss hbon tare cs pas tees aeaeeant ena IX, 239 
COUMLSE a3 sicacctbersacseeschsh cscocnscavacsdecns oSbscenesseetatcers dsceeStuneetre se aman IX, 240 
AAADELLATIES <.0c ces soncsecesanscecnavincesnconvndcostavscepessesspoesd kata pee ae IX, 240 
the crystalline rocks of the valley...................s0sssceess X, 184; XVIII, 22 
Minnesota drOn Com Path yccescacstesenscansctrcctsesscenqoscr craen=e XIII, 24 XV, 4, 219, 258 
Minnetonka, Lake, chemical analysis Of wate...............sccccccssseccecnsnsecens XI, 178 
description Of..........<c.crccenssessesvvovesvoogersouanavsekpcnehes¥enescos teenie IX, 259 
INGE OT 2 MINES 6050. cevetessccenacenceancsouesteh nother rachuassudgscane -pepnsesdes sens ayaniees aan X, 54 
Minnewaske lake ..csd.ccsclccicssoaseteepapanciscesas ophteradyeukes Naess erase nae a emer XIII, 14, 16 
Mishiwishiwi lake, description of region south Of........:..cseseeeeeeeeeeeeees XVII, 164 
ALA LOi sess sasdnceteo aa shseonsvunnunaacesdowosod oc dycoumiban coeaavenventeniin: Eo-aa tan XVII, 191 
Daeg ad Hills, As ois vins i ssas shin sonbastenanee XIII, 140; XVI, 62; X, 77; XXII, 3, 136 
Missasaugui river, domes Of diaDAse..........s.scscvsnsestseneospaechuactsescngesunyne XVI, 34 
WINSSISA SUL RR: cs vdiccnsssscesOiinocsctuzcessatehversbn avery ssl sieavattey eames XVI. 161; XVIII, 130 
Missisacuibay, fatalt at.3:..cs.s¢e-cactvassassusivats onsevansestcanchsp artes eeeree anna VILE Te 
UU BELZY CC oisb0bs aalips cusncasersceasedspetsh onarsar eine “XVI, 38, 168,170; XVII, 47 
MiSSiON, Creele.....ccesesssesethesscedach onsvancdyseus ce coboocasougeviaucsOup cbsvs net hk iiieasat nnn X, 109 
Mississippi River...........s0..s000 X, 206; XVI, 437; XVIII, 175; XXII, 20, 23, 28 
DiSCH OLE sas secsvonesosesecisdoneqsesvast ¥uss eabnvsitshuwatad casks «Souvak tsaeetts ta an IX, 238 
Blevation OF 552, c2isvss.tacsedevardiotesteesn testa ete peer eeeee VIII, 92; IX, 216 
Rate of descent Of Surface..:.sios.consescecen sdsuverescnvssavasscvveststapentexsaiee I, 130 
Reports of the upper rePiON.........000..ssassvennsvacsvacsdnvvssvonessncsousaxten’ IX, 176 
SOUVTCE iicsosccecissscensnecdaveseescnsbssl seiduntecnbannh¥iix bel dantentauene onan IX, 219, 228 


- . . a 7 " ese 
aaa es Se ee ee 


Nae 
— 


‘ . 
ee ee a 


ee oo 


Se ee ee 


se 


_—TS) hl 


— oo TF 


eer | ee 


STATE GEOLOGIST 235 
Smatletertbitaries Meat, tHE SOULCEs .22<c.c0ss0sesoncseusavsseesaveuses: <estee IX, 221 
PROG Spat te tometer wR acecect sue Scacocpasncdoreat voae XVI, 437, 438, 444, 473, 474 
PUEPECTICIIME ELE LOLS sca nae ee Santee ova ve dcns canscveesessocasantocoserteves XI, 157; XVII, 82, 86 
MRMet EAS Tes Peay yee saa cach Seca cea tiai ss cnckveside caste sasceecssnsnucsetessceansesadesh ie daiees XXITI, 153 
Modified drift in central and western Minnesota......... VIII, 116; XI, 140, 148 
Modiolopsis— 
MeO yin iletiiet be eee meee oes. 25.5 racks Sa ccda sie dees suvse. Poin Bei ee ee XIX, 224. 
DN eS RE NINN es fe 55 6b sob ate as oa 24a sok osedee es dua rauqavevndvahs iessesansbee%ee KIX, 225 
MeN eset De llt pet Carseat: ch nceccritacdvacsssvusseunpeasteeies wesdeses cqudeeee teeter: XIX, 226 
CG) Cea Geet ee gual Neto code tecuvr Josene Sua st dase ateee XIX, 227 
MOMs let Sen tata A COLIC e550 erat sel sciv scans on Vocwiasoc sos -conhacecadthacsess eet een ote bene VILE 79 
RCo ne Vpetl Amiel CEA ULALA : a. <-oscsaec.<stescsvensorscesexesscuccesetvsetiseesaebeede ee XIV, 100 
Me HIUeCMMEIGECOLILE))-<octeseeats>csc8 .caee seach cc sds eek Reeth oucac moon ies ieee DADs BET 
Montalban of Hunt.......... XI, 170; XII, 1387; XVIII, 152,153, 154, 155; 156 
AIBC WerELA I PS HIE Crocs sotdcacs sores 51-0 eoaseeaie awe sse secon eee XVIII, 164, 165 
Here CHALACLEHIStIC Of Lia tien Liati-s.-5.-ccssseceseneee ns eeotere eaee oN XVIII, 168 
Monticello, Wright Co.; discovery of oxide of manganese at................ XX, 321 
HERTS LLCS CL OKLA GY A besitos isos Sere ance aol Oe ramen EL TORe Oe XXI, 80 
Monticulipora grandis......... OR oe EAE ee ta se culn Wee pen eee mia eee | MLV ess, 
PoP RETITO GENET s COLO LY, Ole ict can aekae- ication ssescsseodeots mR Soeee cece verte See devas tee OAH vat 
PUP CR EGE CASE UY Clos Pease et nsaco ern scSoce oxek eosin sco Recut ae Mea See Wor Ces ee XVIII, 90, 195 
vores teal, Ly eee es ee Pe ae se, PPE A eee Pee eee Re ERE See SA Mio 
URES ENO M Ear ce does ct cs cnet de oe See ace cag at Sects va stn adhe Gas ch aoe sete Oe XXIII, 139 
IWR OSES AKC oi -cose05- odsececser TEX ei ONO, De lie 2 Sil oa KEXGT etl -PXOXC RV SO) 


Moraines, VIII, 116; IX, 295, 327; XI, 138; XIII, 16, 20; XV, 114, 
LSS= XM, 72° XXL, SL, 93,95, 111.. 


ERGO eee 5 dee Siaeee haw e ue tans ses codeecoeecedea seas oot Tee eee ee XXII, 45 
IAL DIG Drie TES oe (A See tke te) BES oR ee ie epee Mme DLs XXIII, 141 
IVP TRIS E05 EE ae Renee Reet COREE Sn aetna ons A Seti Ne Bet CSE tah PC XI, 24 
aes PUEORERLE CHT WGNIET OTITIS 5 2) sctvnc sa cegs> cons Gabzockebuds asdvozvntsiteeevcwebaeosoeaysoee XV, 186 
TUDORS orale FATES ial ep ane a Pc Ens ey RE ae orp age a A Nae XXII, 134 
_ TS esi Se aera Of e gc) Meee Se ar ee Pe ed Ae XI, 90; VI, 50 
TAPEET 0) (SPARE Sees ee See Pa ey te en oe dE ee ne Ss XXI, 114 
MOLESIOM SCOLOMY:. Seveacvencstece stecetecavac tcc satuuscctestl=wete OLX De rs9 
promitine tian, at Wittle alles. 9s iac cs. s<cees hans ten stadessneddentalde ele Wirgos 
TROVE NON ee IE ee ee oe Pn RN Ae Mle 90 XOGl 12 
SALE ALOT o Cy IWRISSISEEDI PIN Ris sote ee ance doc aacate, Take ceed anne ny Aecaueeeen xe 95 
MUM tahts OV LR ICCHC O Sw WCN TEA Ti cass ceca osc ted eee vod Susteren ERS OWE RU) 
Morton, pratitel quatries at.22.2::.cc-csceesssebeseees DOVE 7.9) Xe Vg OF exo 
NIOSH Ota LO PELLIES =, sade os deetds- +. cono tt cote swes Pea taka hnes ou iocene att ese seatt Eee XVIII, 84 
GUT Ga SS ee Ee Se an FR ak ee ee a a VI, 46; XXII, 26 
PCL ELE Ca eyes STI LeI ESL OIE, COs sta2ee sone scce se satee oees sence veh ove eosdeetoe eel) VI, 104 
wie sG) DEAE TI 5S TD ce Rie ae Se eR oe ee, 2 © IV, 16; V, 200 


evidence of at Little Falls, Morrison Co., and various other places 
WiTo8- 


Prmparncet View Ents. Reagise 010) 22455 nas cncutucws darts ssnceBt vn ndaedeavecregedduueduve Rios VI, 68 
Mountain Lake..........0.c...00 a nee IX, 76; XVII, 174; XVI, 279; X XIII, 14.2 

TOU AEM a CAC OM UEC LE OTUAS ccs oes ccscceosdececscoeeasttesaes of Gok Mace dane X XI, 160 
MEOH E. | OSEPHING.. Jo.c05.cncecafee0sc0lecs0es TX Gil xe 44 = ROX Dole XT 55s OT 5D 
Lulcogamans: Wale Wees Mrara ce (als he eee Seen, Meee Mey See iy ee A ie yen XVIII, 70 
LU PECErede: LES TaD (G5 se Soe UR Ant eae ei hee oe Ot en a Re XVI, 64; XXIV, 30 


J Dette Bey Bh eS) 6 ree ee ere Sana ah yop fee Pe ee ne ae Were 


236 TWENTY-FOURTH ANNUAL REPORT 
PEOIOLY, Olees sade 1-0 -- 20 000aeps oes sueuhane- hee arab ae spay seoe sen cme eee eee eee III, 166 
PEGIOP Cal AINA Pas. 8. be aeec. oe rcteetevocuse ces paeel ree eaen here apne oe III, facing 166 
Mowry; Miss M; S55 Gt awranie Dy: oc. .c.accqcenevansanqersetececesseves-4svsan ee ana XV, 319 
PIE ahiy 60 8B ER occasion acincn a cissacnc acm <asens Se again ane vaninage sansa <iasees. sas ee Ly iis 
Mud; Creek‘and Wake <.:...2.5.s.22....s04e0» TEX, 7Oseov a, d12. 1195 XV, 26, 174, 306 
eA (ep ee ae ee ae ae I ae ay eT ees XVI, 336; IX, 236 
RGN PTOMIEKAL Ga seep opacoe¥ ores apasnetcech repebeesonesr seeer aa escae> eee XXIV, 74 
WA eLSE 5 AMD Setccecnatibensceccad sou seacqasasocsssceasqteeedecenscedesten cet ousaccsueeg eames XXIII, 153 
Mire St TAPES: -<0-- ka -L nse ssp bs a5 ce cesadel seagate com teammeeyoet canst canereaeteet paras tee p.© rae 
Murtteesboro. (MmeteOrthe) cccsc. accel scengacteacse oxtacceneveesh saseedoncesssooeee- sen eneme XIX, 175 
Miuresy A, Oi! DIAEKNSIACES on. 5. 5c. capone dace teeny pee eres ey ereeee XVIII. 114 note | 
OnAUCON PeOlO GY... .aco-cacasssp stecameassansteas meses sseconesmeeere ses XVIII, 114, 116 
the Quartz Rock; group Ofsscic5.tts ciencaetin se <csevees- teeta XVIII, 116 4 
on-thie ofleissesici. fat 4 ic. Rava beeae et ccgsh onda’ XVIII, 118; XVI tapes : 
on! conglomerates: ....;. 42:22:05 spsasvosesessscsnersoseoasessenssscuenop ae onmene XVIII, 118 : 
OIL WATTET CIA: caaees vaccescteccs ost se entree ee XVIII, 119, 120, 121 . 
ON Li. NipiSSiti ge e.2s3sccdsen ha cee acte Vato sa oe cteme needa can ck oes XVITIFL21 a2 | 
Of: Horonian TOcks .os.b.csescsseet Verse esbacches obese eee eae ee XVIII, 122 | 
Minttrays Corner, arpilliyite, Of: -2-.c..consrerseseseree-se ess acts See eae XVI, 30, 159 -4 
MUdirfistt, FOR. eo oecceccactelees je scdeaphciesesngouécancdssactlasée-actee Ma eae XXIII, 153 ; 
Muscovado, XV, 148. 170, 182, 351; XII, 73, 88, 93, 253, 267, 355; +4 
860,305; XVII, 45, 68,93, 100, 116, 120, 130, 163, 170, 185, 187, j 
189; XVII, 130; XVIII, 187; XXIII, 208, 212. 4 
(On muscovadyte), analysis|Of.2.-- st -c:2.005-cosnsseeoosp-nensee caper eee XX; od 7 
TEMALKS. Oe Sass cen ac sale seabacees ene ceed eas coped ona suns tos <2 dnpeptb es trom tee XXI, 30, 143 > F 
Te Uae Heth bo 5 [hs PONS Mere es ea mee AE ER ae gta Ms |e ea ».@. 0 be Ese a is10) ; 
AL DisappOmbmentlake.. -s.csce-ces-cstcsesassaaecdees sone eeacesaaentae XXIV, 62, 64 . 
MWAISCON.A GO MAK C2 icc coie reste daciecs gras sone caes eee eo aan Sodas hee eee XVI, 88; XXIV, 133 Z 
DNAS OWI EC oon roca: «oon Sodededowseneoatseactseted wade xensueteatenccescodecamen eaten ee Sah ZO ; 
yt Reatity Vale... .cs5ccs0: -0n-esasten ated. teassdvan stent ae XXIII, 93 } 
Museum: 
catalogue of specimens, V, 204; VI, 161; VII, 49; VIII, 32; IX, 
125; X, 149; XI, 184; XII, 20; XIII, 76; XIV, 126; XVII,-218; 
XIX, 188; XX, 324; XXII, 190; XXIII, 234; XXIV, xii. 
GONATIONS. LO yi: sasceotseteenee I, 21; VI, 160;-VIl, 47,489 X, 145 350i . 
EXCHANGES (OF. ca sesteneis. febnasocnec deviee«Vaceosnnce ecausgoatets teect tee ean XT eG ’ 
VW OD saenscBicccuccercmne sete acelasnch scasiese des tanvec dutta eter Steed tae nepase aman IV,< 20 4 
listiofiWard’s Casts: Ac <ic.sccsl. ccccescesccdeccocststeabecedece eens teeta tea maannn IV, £16 a 
report on, IV, 123; V, 202; VI, 159; VII, 46; VIII, 27; LX, 123; ] 
X, 7,145; XI, 188; XII,19; XITI, 74; 81V, 125; XVII, 21775 Ai 
138; XX, 324; XXII, 190; XXIII, 234. ; 
NGL EDs. co luvin cidholesriectoctadnyticed chiens. dstavacas eee een XXII, 123; XVII, 44 q 
Nachtrieh, H. Fo.essessciecssssessnsessscasscsssssssesdsconsasuessunseessdestiecbacll tens ciinenn 
Namiekan Wakes, ss isccie.cacsves desces nail ds sha reves hveuctbieats Cabvs Sos Oe ee Renn XVI,428, 468 ‘ 
NATIVEICOD PCr ceciecsscns call ndvecevanshorptssiush 1odssCrnpilar ips doestinntee X, 54, 197 XIV, 319 ; 
Nbr Olt ss oo. ccsisy saves nasss¥eesscdveeavbepsebbacedeascupbsbesssoveag Fea Meaietyesaten Geer mama XI, 28; 172 
Ne@dsOfthe NOcth SHOE ..ic..docch cs vecvncictects sav, chatuce s0dtdxeuvccstsccavalaliy ieee VII, 24 
Nearitiee, Mines ALC. wics.cvredaccosenscies XVI, 40, 179, 359; XVII, 44; XVIII, 191 
REEETECOTES. rede ines covcictanecasev te vs 00 xoxhs Fepeocvonsenvetvaleapaeaeaeye XXIIL,, Liss 
Nelson, C; H.,, Lumber’ Co., tést Of SlAtES. .0i..;.cccvaveverpssrsccescdtaussuveeeeeeeree XX, SL 
INGLBOT: DOHC sia s.disseustne cs dice chivasetuveventustvecenas dene XXI, 76; XXII, 6l¢ 222 eee 
Nepheline, distinction of apatite frOmls, ........s....ssscceusscscasenssesvuncecansvenies XIX, 27 


ie 


STATE GEOLOGIST 237 
RR RIEFD ICO. eee tor toc dine Sacte dase tt obescasstieieccssstsecato diets giete XVI, 457,476; XXII, 31 
PR MMEUIS PEAS WIC I, DEOIOL YO sadeck. 2.020 t wdlcu deve Sob. daeeeaclevecusesuecca dooees XVIII, 156, 157 
EAMG Gl, O PUNLOTS, CE ach 2.25 Speen ds caw todas tassel supedekeatedadi ste enck SOVIET, 157 
WEEE A EY MELCKCNCES ONIN Os. (oe e.c5.toeceostedteses doseteceictestesdeeicn XVIII, 157 note 
Bere PAA EL CE OG = 55222022 2k on- au astns gs enesstdenasedenssstesessvseuroreleceadenti XVIII, 151 
MiALESTCOMPALALhVe)SLTEN LEM Of-.cccsce: bea cone«s2easecuce-cgestrase tobe. XII, 14 
PUD a ete Mise Sade a ec ace Nvsien o8CY cake vsageuentststvueaxcict savdeet suactsgecce ose LOS 

(See E. and C. H. Hitchcock and Emmons). 
granites, Comparative Strenath Of. ..:%s.ssssseesckeceecdonsseseseeesessecene XII, 14 
euprO MH Gl La Ked dees ste csckocescvcsncslsciccessons «dette zeteteroor sm aee XVI, 339, 347; XV, 121 
Pewmebiamoucnire€. I. Eitehcdck: O11:)....2..ipcttisssetedes iced doccsenededessee XVIII, 160 
PEA CAOMMIO eeece ce samece vee eceutnt sous ce pets ceutecowsbicence de ccaeiasacati nae eee XVIII, 161 
Pmliciplest£Os Ne aided bey sini 3. 69.2828... uae eos. tial soAbecoece dh ahaa XVIII, 163 


New fossils, IV, 41; VI, 112; XII, 8,11; XIII, 65; XIV, 57, 104, 313 XV, 
478; XIX, 211. 


em cNpS tres, COLO LY Of: Sy.re saenceaosvscodoone osaee cc dekek Sree town dee aneones es XVIII, 160 
PRR AEN GSIRIS > cas on74520 98sec 0 300 Sacps eaded /astgeaey sede: settee So XVIII, 167 
Is eee TE Ke TRING pad cs aeeee eee ss Pees Site rect er eae eae ae Seem ae XVIII, 134 
MMM RIE Re ae raf caard dnd davacadlgnea vce tacaseadtoaas aedelevovacrsneain os ewes XVII, 97 
Iveny IEG reir ell pyo0e aaa aie seer eect rete ree er BeCPrr ee eeery eta er eran Masa Aa = XIV, 336 
PAA EM EMM eh IN ears 8 oc sn Say wind evn ogee cutce ceosa Sue ce One Ue Le sePE OR tos Toast eae DG [ra La BS 
Newel @recdrnscs Exhibit. of CHE: SULwey. 20.2.0 -sedsto-os eek oosk doe see DUIS Tie 
UG Sne MTS oassstceseectsascct~as+ecucceseresstes Ty 1LS6 5x S72 Vin, 8 lal EX VT ASS 
PARSE PREEZORGE oh on Sees ona fesse adi ode as piccee wee caaieadsces ee eedTd Ne Tecbadocene eS XVII, 50 
Nia sate imMestonedit Pb illmore) CO... 5. iscicsss0ss<ctsessncstes soak Dorset eeoneesnotee LVS. 53 
GAD SFE So sseg sl Ba cencacee sa aceon ss SSS SUEa oe Dono oO Seno COC aces souencehe 5 eccceasseee OMI ARE! 
berate chee KECESS1 OI Ole ssiecng2~ sec: asedse oe ae oe dud vac oom el XXIII, 181, 186 
BENE AIT Efe As ood eau so0de~ds oto n sae vovensnvveneod cones d nasccnestattereuetids vesa leks XXIII, 142 
discovered soft hematite on the Mesabirange................... XX, 113, 158 
INRIA ses 10) ELMAN 3S. cos.ccsts sa Pesoieokscdrsceaet «Saas eiiees eat toe sie Ee XXIII, 153 
Neel CUMEAIASS EO) 1@ 2st 52 on Saws cones See gde se imate Soest Seat tse cae ee ee Soa MOVIE, 452 
teen ea] ING a hee oassesdeces0caredeAadetcccsecdunevstcsedodvssvohovtet vosstoaaes I, 29; XXIII, 120 
deseriptioniof Wake) ltascar nics. becca. cot ors cschs neato ence tenor IX, 229 
LEPOLEOUsLHS E1peStOne, UAL Yates eae -cacaeeee tc neaees eee sear he VI5-98 
TRIES 007 lace ae Re oo ae eS a ati CSA ae oy ep ae ee ed Pal XX, 268; XXII, 29 
MUN SRLIS 0o sas Sotto an tad 0att nedee eee sa ds Saba seo vac cans oevoaaaey'sStvdseaccebandecds XVIII, 121 
I GUG Eanes aes SSRN raat Spas Teas ea tee Roc oars NK eee ewae eaten eee XXIII, 170 
INGE SEH AL LIN Jah] ptctadk ores coe sod ohne as Heec ac Bue ove ee dor ads «nhac visedacdeesiue Maes ctu teee NOL LOS 
OTe PA TIE OIL Cy Ul ce tc onan 3. SONS scot oc BEe aon ood ne de coco aes dneeds ca ceeeucheans XXITI, 44, 146 
Nomenclature, comparative, of Minnesota formations........ Wi 202 xox 4. 
INGPRCEOSS G2 CH oc cstes ce va cc ates Soc eirewde we Sanoeee sees cketes cup oisbsteasewiateeseecWeacme XI, 143, 152 
INR RANT on te see das tae. Seas des tee seats Sndeaxes sass setossees dosedoesvccssee XVIII, 151, 152, 153; 154. 
CAIOR EEE CHE OCKs Ones oct oe oe sons oed oacede tes eSs Heads dese ess XVIII, 164, 165, 167 
INTRON AC. voavex ethivacs vec sescsbaic Pees RT Aes, Waa ee Oey Bee XVI, 186; XXIII, 140 
WANG Sie SOLEIL NI ce aite satan cess ss eee ahora cou gad saa haces a Sees ydevecctencdeedacdourcedscon XXIII, 140 
BSED ANC G ese sass. tans ua ee aes scasace sng ueeaeesSiccovkeleees ceees XVI, 65, 234, 335, 338, 270 
EO wu linbaet ee cooseresp esos ccee est nc caateoee cane ec eeek Sudan e case oR X75 3  XSVIG 283 
ELGG ON GEOLO DyIO bese. cise cs tensae se aceas gre He's ode Ds vn 4005058 aes nae eh oes odes eset ee XV, 274 
WIAIY c wcenavesssesss ssaseinessdusesssvscaasesetaciacstesesccsiaseds dots aevsactabissvsdesio ten XVIII, 50 
ES EG NAG: a eeeteerese rete me ntctes doe eee bi ntwsn vectess sree oe eesese taneeskltaes SVL 7S 
INGE EET ACIt CA] TTI CLIO Tochcezs. |<: sve cost wesdeoecczusteseetesuaees Caccebhe wae oeeess VI, 48; XX, 29 
BERR RN ATIC CR EOME SOLE saargnerre cation go aca usetoeey devises aesunsvsemmaver sce ssectetinaeeescace XVIII, 194 


238 TWENTY-FOURTH ANNUAL REPORT 
Norway (ake antivyORt Con on. oatceecrnco ue aenererperenr ata rernrcrenasret epee ee IX, 266 
Norwood, Dr., reconnoissance of the inter’] boundary....................2008 XVI, 143 
remarks on the geology of South Lake...................:ccccseseeceeeeee XVI, 273 
Norwood, J. G., XVI, 143, 236, 269, 290 434; XVII, 7, 8, 12, 54; XXIII, 
141, 153. e 
OO RON CY go cs the raiies aM ie ik eet ly 2 XI, 109 
Ls Fg 1 a A ee are ieee anne pee Stee Sa UE XVI, 167, 200, 301, 324, 363 
GEE NE so s5ccccec coat cnrescnSkeeces tact etee REE esa eee sng DG fs by 
Notes of A. Winchell on the Belle Plaine salt well.....................ccesssseseeeeee Ii, 80 
Notes and report of N. H. Winchell on the Bell Plaine salt well.............. II, 82 
Note‘on. water power at Little Palls..-7 2.5.2. ccsnauestantsanp sens. acs>nc0eseeeae XXI. 116 
Notes on Minnesota, minerals!:...,:..c.cor.cssescscsapsoece=soeeurecntteass XI, 5; XXIII, 194 
upon the bedded and banded structures of the gabpro and upon 
an area of troctolyte................ ESR hoe aren Stone Seth Pyne. XXIII, 224 
across the Mesabi Tanges...:2,:sccerckess ct esssqaotsacseseccte-odettencoereeehers XIII, 20 
on Minnehaha county, Dakota..-ce:.--2-.--ssecs--eee-ce-se cee ce eee XII, 88 
On artesian ‘Wells. <.2..scdse sonsaccassacsepanccpsccossnsteesecrecctenox eaeeeet nomen XI, 55 
on petrography of the Akeley lake region...........0..:cccceceeee cree XIX, 193 
on Diatoms ofanterelaciall peat... ..----5-s.-c8+--seeees--0-0y-eaee eee XX, 290 
i Bltie Barth Coun by sacs ..-.s0c-nssdenpasiaeace<ec0o5.Senunuenge eueeeeeeee teen XIII, 1414 
on a deep well at East Minneapolls................-cccce--0cossee-nsessenstanss V, 154 
on.a.deep wel] at the Reform School........:........4..-csss-sevsessssa susp VE, ie 
on fossils of Che Trefi €On lo .255.5.te. conecesosnsccncccoceses=cocewsesee sae VI,112 
on rock outcrops in central Minnesota...............0...cseececosseereneens XI, 86 
Of POPE COMME 0 < cacs<cdesaeiacatcactnaqncunanecnennapaiht ens fgaee eee eee XG 
onwWhite Tron Jake. :.cscc3. cece docte piceedvesceassndep sep acpoo=<tee9 tan eee XV, 329 
Northern Pacific railroad, rock expPOSUres..........:-..2-..csas-csossssto=-seoa=speeenee VI, 45 
Noyes, Wm. A., Chemical analysis Dy..............-.sseossscrsessereverssosnnssnouuenens XI, 176 
donations to the mtsetim.... ..2..c000..0<ce0c020s0ss00gevaesb<esses-+eese eee XI, 183 
Nucleusiof.the.continent located ...2...-0. canes tocceconccbenense-cosnestaes coteaees XVIII, 87 
Namakagon Lake. .........0..scescaspesvestenasachooss occ andeeonnsennososboonsesaonrhepaeamee XVIII, 197 
Number of lakestin Minnesota’. +....52.<0c0-2<o0s goon sanetoes own osaceae ares eee ee IX, 248 
Numbers (of rocks collected). See Rocks collected. 
Numbers (of the Chemical series). See Chemical Series. 
Numbers (of rocks described microscopically). 
Vad Moissich dnthvoncceSesdendesndeanpe sa temccactenconmdondekd -aceaentheteh ceaeteet eee ann X, 139 
DP AL 2 ccnstecccapoeacadovessctsbrouetenattasusubave sosbaseascus trae tones: cneeeee aaa X, 139 
Ti Bosicéscccsctiesovsccousdssclacodoegtsoveavseshecsa seats sabeshcesy yes tee oe teen X, 141 
YN iv sdacons cu snandste dete wads sesubeus procs s deanna digch esis ty baapheeegene > racane yt ann X, 140 
Biivoeel cise vccdcoubeschanactwep el sdeichiesse dus sisanetchcayhs enn eBe yes ttn kytars ie aeean X, 141 
Go cscvtgcacnnsdavleny cous ccaneatecysenbucguge von tiga cncllg pat Gxastat mekch teat ti can X, 141 
BB secnvesrsonn doco sch bob sbepnacuacheaesnenndiee \asasaachaadameannn ealunicited iM ait tan X, 140 
BA SssecaveSosloecctbagpece ve ules ioswotbbabovodscecneecstebepenzete jit neaT nanan X, 140 
BB; saw cnbsdicv esc gt MMe tohucs cacogssehses Mesesoveesey gunn netcahert aennstys deat X, 140 
Be Ooi. sn cc envesantnsdnankevasdusacogaca stipe ussestec cae panics Pain ces none hacer X, 140 
Dis sdscainnivsZecscatn QM o> easy acdeusguedyatpen ct does secuten txxiareashantonete iain X, 140 
BS Biss viiceckiccscotinecucvcvschucyivessabessevessvelechtsquteautdus fe: Caceus hs Calieanenannan X, 141 
WG os cevnnnesassndevnasapyssadensatinsass ins Sbsocanshsesnanipnpniep soy xk tian ettteeaiemtnan X, 142 
BOER sctus kcsvsesasnstdasan da qtttvscbints sp acCixs voWka tats Ooeuk seth nceenenaE IX, 18; X, 189 
BB eo dchyidancevesesvessct wuts suave boies eusaddaveseranedteevdeph levis Gey} SWeetcienany nnn X, 139 
GT. sicsuedack vcodccrevovdacvcccasdnesovbsebyerapanatantohvaSiaei hss ¥eghin olee uk aniey 2. Gxt iy ta X, 141 


Os aes: sidsdossiyvussvosaveoned0sicSadonutspenboceiebecsch-aetienshoe iss uhateknn aan X, 139 


~_STo-e 


STATE GEOLOGIST 239 


Ty Sat hes oO | Sa eR aay Se ah ae Soe Nar PS 28 
Geo eee on oe A TA AR gg X,138 
1 BE SEUSS S15 2 i aU eae a Aaa Bene Sa X, 139 
SOT BS a 2s. 2 ER Tai ele Te eee pe 
ee ee ey cot ee as oe nl ee X, 139 
pene ae ROR MEN Se el tee yoke X, 141 
TS a SaaS YO SR ae Or RE IX, 32; X,139 
eee ier 8 oy, SS te Ae et IX, 33; X, 144 
LES Secs sec em ea NR eS a X, 139 
DER rN et eh at ae X, 144 
TP a ER 20 eS ene A its Xt 
ee eee NE ae Spee cid ha Ra the X, 141 
gee Oe MeO wh iin. eae Sees he Ce ae, E235 
£_LE se et I A ae ain oot fee ie iba UNS cg te Xone 
FD LS A al = eR 8 Pes RCO eR 7 BPO, IX, 35 
eee ee eee St res, AR ae et 2 a Se ares xX, 139 
[EGS IE SSRI ERE see Zan pet ele eO NE IRE RE IX, 40 
5 BORSA a Rea tes Rane tag Ne i ene ae x, 189 
TS eae eee ET 2 Tt Re ait MER A X, 140 
“GIS SR AG oa erate Wee Se EES 128? Sees RNR pret Se 9 xt 
GE eR RN i RRND SP WSs eae erates |r Ae, Cio Miata eo X, 139 
TTP sake: AS OH Sen ie OD ate RE DEO oe X, 139 
TUT kee pee ae oa ee ee a dee (een OO Rm eel Xi 140 
2, Jd Sen Ae EN SR a CR Oa ho a a ST PS EOE Ok Lxey oe 
SLs Bat SAIS a) a epee rec nem a eM SOME Eee IX, 56; X, 140 
LEG sain PIRES, Wile ie eae ap nay, WM Soe Wine nn DE aet 2 POY NOES X, 140 
ie see os One Se ee eS ie Sheela x14 
LoL A Uy er REO ea te We Olay Shee Seen ona OE MRL or Xi, 14 
515) 9 Be PE Vie, toe Pe paar A RP MES 2x, 144 
Dep on RM Et ee ed oe th RES ROE ees SR tr X, 140 
EEE a OARS yo re ea alt ered 8 Aliens oS ee X, 142 
Ed TGC 25s Bip SBIR baede, oo with pe ROMER Sm BEN act ee X, 140 
TERT tee te PR LENT aie ta Ate oor sel og) Wa Ny, IX, 70 
Segre te. ik Flere Fo ER rian Ke be ae X, 140 
FLCC De es RIN AE eS CRS Se ee ey OL ae re x40 
BF eee hs PS a eae LIS CRO ey, 5 Sy OR Oe ee X, 140 
SF SE SO LS CE SL ee aD oc MIRE EAS X, 140 
SNE RS 0) 1 Ie Sea Ej oes et an Ma ie en A RE X, 141 
Fis Ba Vet SOR atte a Ue Oy ee RR MOT ee X, 142 
FS Tosa te TEEN INN a OO I ha ee Pe xX, os 
FS ana sk SNE A IER PRR a7 (na RI ee Pimento oa xX, 83 
CS SL Lats 2 Rado AE, SED Ne tr PS ee a Re PL X, 84 
75S Pe NM Act Mtr te a OED a Pa KN XOeG 
FE ctints cea. 0 als MONAR Pipes 20” RO aR a OC OR Db Xi, eS 
fee ie ae eas MAR NS nal No Sth Sate. X, 86 
(1. eS oh nS EE RRR Eee LT rah ei Seam e ee o Sere 
ae ee Tat ee ete ed MS i M4398 
OG Ss - SB Se Te GS eee ets ier, - REE XXIV, 89 
(Se OM hs SS ae a ie SI XXIV, 89 
CEA. | akc ant ORR ays.) Ace eee X93 
pa acini Saab 5 een cee ee. Pe Ne OOS IVIOS 


Races Hea ame Ro ue er BERG es Ge XXIV, 104 


240 


TWENTY-FOURTH ANNUAL REPORT 


Ss ee ee XXIV, 117 
ot WAP ER ech Crash os APR ee 
Te ee ae ee ae 
apace eboeatas rg per eo ee 
errata een ages 0) eS pee 
arenas aera Thee. ba | 
weepipaacs neu a eg ee 
sel a ena Ac east asic. peepee a 
veal Ma eaten ci vonage Saga ee 
aed eo Seg et ea ae ae 
REA I RR NT ae 
seek i ke er Caanee eG Ta xen 
PMI RUMA CAtEME Or ta. pee ae 
pomebrsde tata cm aaa igeaiee gt ce og see 
ROSACEA AR Ae So esed es eo ere Sp maps: a - 
Hite aie mM ag eT eae ee 
spain mapmnnetero ne Se cee 
buns inane eas Sa 
TUT A ae is A Fe 2 oe Ane RS RR tc 7 ee et che cee a 
Seer ea ee eS een se. 
agi en Mane eee cree 
ee coat to Sct ee eee 
Se ee Ce ee es 
is aOR EE AL aie ire ssc xi ee 
a Rr ie cen ne ee x ae 
Soi ae tere ee eee: 
pte MUCUS Gira Be hich Se ee 
SO AIR ERONCHI SERS GR ee 
Papa aime asia Hones 2 PP <ehe 
ait Pana Raee OA Dies Maggs hi: echt ers 
A NE cai MgB aCe Bk, fe Tees pel 
ee a ee ere ee Oe a Sr | 
ae de Ce ee ee xx ae 
mid Mm gE HT CGN CITE RSE eee! 
Bee an ge ee Gee eee xa 
eeu MUS ec ccy iy ae 
plist tua i Aap Ce See NT ee 
whe ig UN ab ean gue ee 
soptirbnaver RMI a etpmmnt So xT ae 
SDPO Rsk Someta Oar a <a 
PP ee phic gS Sa tee age Ce" epee ee 
pment mia ema co cma ehh Re 
pape amu asin tami meh 
eae Weta cman ee. 
SEE (EL) nisl re ee ae 
Wompengammmey geNbar einen OK six Soe 
ASPs) nn cg eterna erg 
Ai SRY) one-line ar Se ee eae 
4.4.6a (H) SMM RL SRE Die’ eda eae ae 
phe oe ae ema ate ome! et ae ik oe 
pen an amma met erate ka =aae 
BOBBED csiciss sassattiissscoatesheedicbetsahenetsSeaato Manns 


> 
4 


STATE GEOLOGIST. 241 

Svea feds (Ge) een toc cate a aenctnn ecco ce qaoscesuecevcssvtctnSectaessccsdede os styveibeconoet ous XXI, 150 

RN ey bi (Gio carreeeten tee asset coca secnaeseestes scttededses vecwdesoeeeasdescesacesumen X XI, 150 
UE Cap Ua Itt oonecceten es seeeo sncads= Sees Ces cncueticangstacesdc bas sda tes cress actos sness secon MeO a 
TERI aA eas sete ay ae capac nc see eseacr nee nvatacv'e dees on wpeasskvensseivernctteeto LL, OON 196 
NSU OLEAL CM ook. maces cts csicetete stance ssecucctecssectasccvesss XESS OV 211 OX LS 
BERR MELEE SMICIS EE CP IIICTOUS 7-....2- ho -Pese-sscevedosnsaeensesivees«anctohardesoesendenese X, 142 
Sener HE? SLES CEO US; cr asrt7eaassc toate crecc coset oceetesohenestitececds sacadecenestesowteetene II, 190 
PICCECIC ONE OMICH ALE stcce esac cheeses. snccosssreach cs sedeceeayes cheese toes sac oces see tenaeees XVIII, 104 
GIGS ELesiclsn CW Vite UA SSES EAT Ge <0c sca. oc scndces.ctocseecctenbenspotesessaseue DNAS Bai U7 = Wi eB 
ExpleOnnweslenti pant, Ol State: . 2t.catcsnt mee ese nec eenieeeease XOVIS 0 

Si OmAnidid 2sOb WInNeSO tA s....0. cst ec saeeehenctes seater cettersterconsoss DD e a Le 

RIOT EL OMe CINE OMIOLO Pays. 2s esis cas sch awctcvseteceesecteerecee coat oo eee tee eee XI, 113 


Ogaard, Louis A.,, XX, 231; XXI, 144, 158; XXII, 3. 22, 68, 69, 134; 
XXIV, 14.3. 


Ogishke conglomerate.....X, 90;XV, 179; X XI, 28, 31; XXII, 70: XXIII, 17 
descenbed aie Met oss - cok monset tenes eeece XV, 179, 194; 370; XVIII, 178, 183 
thought to bein Animikie.................... SVL, 915 97, S60. Nev SG 
eccutiiupinrRainy lakes fe pion... ss02/.s sees eee rats tse Sheeran XVIII, 215 
recopuized on Wake Supetior,.---......cs.605-+)--2-5- XVIII, 113, 132 note, 134. 
LIME ON LOR OT CCH STONE | os.coccc scauenrs Bekah cleseeeenode toeadecclstie on eee XV, 3873 
PMMEIDVEIMACES tol cis. cds ss cath so- cn recs shes cr eee tae aera Rake pag eouauet dss eens XVI, 147 
SRPRP CENCE: LT LAD ASCrt< 5. cfodssstaccnen sasssreavapee ones se saceeccenee eee XVI, 96, 149 
BETO PT ROC LAK ets trec. cece cscadate ed conte teeae toe eens ui eee nee XVI, 98, 313 
eer ors tice NE tiriete lade. 311.5) -0h2 tates swans act eckugettse enemies, XVI, 318 
MPEG IMG Dy ALOT hy bee sitesi cc ncda-e-seraez eseeaceount, ctiasheatel ote: cea XVI, 322 
asrcunnem ber Of the Wee, bills sis cree ststesscecatons secse ote eee XVI, 344, 347 
ATCHEMUTIEG ESAT UI KITE, Sete esas se she oS. we dened ee aie ie ee Nae ee XVI, 359 


Ogishke—Muncie Lake, XI, 169; XV, 156, 369, 412; XVI, 95, 99, 315; 
XVI AT 16 OVili ales 


EOUPIOMELALES Olt. tuedecoenceoeeee eo uet ees eee ee DG ELS DAL Se 
EGHRLACE OM SAS AMARA SLATE. J.50.0-sc08s-oncdde soe Dee dnsode seen tdenep see RO UW A 
ClSWALTONSHICA TL vc-ssescec sates tora ceatec ee eee oa ep teh eA eteenicotticn XVII, 200 
ERD AGY Daas Aaa ee i cae ee Ee NEAR epic es eat | XVII, 162 
MESO COCKS LEO Ine or ea. ee caeesne te tater ered itn, Pasian Se aa nA at XV, 419 
TP (DS ALG a a aa ae ec or XVII XVI AG Ss 
OMG) EAE FE Qi Era ie Re eR He aa a eon A SRS Ue ak ad Oe Pn A eed ee eI WE XVIII, 134 
Dine) CEB TENNS) SUAE aes Sea Nie se a ns ed PAL sn 1 XXI, 74 
MOMS Age lit AVR EA ITS AVL C Hit s2 ov ccc eccac eee ee oesces aco Sesa av eetcdaleods sosuc neuen teats XVI, 46 
SRE EUICICEIINIUCRS a2 -05: 20-0 spears asesevon> ahaa sds Mlcnu-! dsaseees adds se ancerteee PART BO 
EE OIA OE Lhacs 8a isos abe ab se PO ws acne Scns nccdcinassdeadienevedicet XVII, 48, 50, 68 
EE TAEL PASEO TAPISO IU» 5 bg rasa teens cosas p segnes tes ccck Sonaine seb svengeestacs ss. uash nani ek XVIII, 79 
MELT UAM An sanos wsdadosects ya eatecsts tice ce aap as oaee tek ceeeenasteeee XVIII, 79 
WEIS ASAP HON CS 2 ccre fants ab coe oy Socks oneal howe nce sewn nde oicc seeks XVII1, 78, 107 
MC LILOMEA Un awe renee tea cate ca sere cre Soe pone: Seess ook va oe soa ca eee EO XVIII, 107 
CU GAESSISUEs cra pede re an ns SICU Re Sees sds cS eee Leh de. XVIII, 107 
METI G ICO a rec er Bees One aA oh 2} XI, 21; XXIV, 4 (footnote) 
Oi SoCESE enh a Pi ah A ie A a ah A yd 5 ne SO a ND XX, 161 
Olivine: 
SEchinos pradHeed: On SULIACE Ole... ata <.0s see sbieide cd sccdessekesecessies XIX, 45 


FADO rsdteoecdesecescodsesece dacs cee XV, 332, 351; XVI, 288; XXIII, 228, 22 


© 


bP wi by PD 
242 TWENTY-FOURTH ANNUAL REPORT 
Olrvinibic ArOnNOLG.23i-ssec i ueeae doth token Cone a UTE ONE ee ees XV, 215, 341 
Olmsted Co: ; 
PEOLOLY: OF wag cs 222s ccd evosedhe ceavece dooteses seestectneset tadeoes sev eeaneds te a-s ea IV, “46 
eeolopical snap Of. n22.ccncoscanccotsbasteseeee ese zeesks ceoe see eee ee IV, facing 74 
Ontarian Of La wSOM:.se eeseo sees eos ke eee ee XVIII, 218 
bf the morth {shoseie4,5..! 42-4255 ast cbse een todee teres SRS XX, 195 
onthe Nae railroads i..2. 2.22. score cnazsacostetponpon tok tae edss Jaede Aaa a VI, 45 
OpimabanO wit Ta Vetecn.-. 510-23 .cccees0g cosedomeeeearaad os sacieve carp eee XVI, 431 
Optonavon Silver ates c.5...cs- 02 .<iv-bssshagtacneeeee epee see ee Saeed ome vee MMII, 145 
Opticaxes of crystals....-...40-.....-...0csssesesceecengarencenessarroensessennsseecenonesseRye Vii. 
CEA OVICLAI A. Les. vccesac cet cess ta etens oaaceecos ses stwos tpnasuameamnce Secesereniones ove saee eae XVIII, 154 
ADECS OL NIN ian Taso eee cate nate ake 0 a Sodues aa aees ade seep dence ieee cas eaaoe cats See ee XIIT, 240 
RECS Or ATA LY S1St- ceo.s- cescetanpnesss cc che sewsonteamat eceeeereee ae een ee IV, 156; Xs 
Oreaniec trmputitiesan Water... -.....-.2-cecnenecrae-s onecnrenaausee sgn ene ee IX, 172 
Organisms of the boulder clay.....-.-.-22-,..0i.-;-ceepee-aeponvacentostscsraachronnsevete XIII, 163 
OF EREIATIIMIKIC. © cok coccro8 eo eR a ee ee XVL278 
Original Fluronian...........s...scc.ececccsecesenseceseescecoecnssscenecessessessnccnasenes XVI,13, 36 
Orgueil (meteorite) ...........cessecsesssecssererernenseedeoesconnesteaussesen sonceadunacnauaae XIX, 178 
Original Huronian,”’ The..............-.--.-scsssecsensecessnee sceessencnscsnscoonenseons XVI, 13 
COMCIGSIONS FESPCCEITIG.. -2..405..cecaae ease cove ccaateat range: san nat iCheeeeeeen XVLi736 
CVASLOMS) Off cones. toe sec cndsctscvens cats vanaeocs vetaat ehecannen eens’ -percee ee eee XVi; 2am 
Minnesota equivalents to the...................--0nesseonrssonennronnnonbaeags XVI, 40 
samples from.....c..ccesscesscceereecerecesseeeersesesaserscsessesssssesaessenseseenes XVI, 114 
Origin Of Qramite.....cseseesceseesseseeeescesessseseeeseecneesensecneeseenens AL, D1; SOV 
iON Oe, MESADIL.......-2.c0:..0seenccadscnverssncocsn+-casnnedenacaseunespereeeeeeaae XXI, 135 
Of jaSpilyte.........cecccsccseereeeessecererereeensceneasessenrens XV, 223; XVII, 40, 68 
of the Archean GreenstONs..........-..seeesccccorseenserseceregecneeecnserss SLE eee 
OF EHS LaWKOS fov-o aececondessetecbescdses coosecncant ono sconpdct es adc tate Acta ea IX, 251 
Orthis: ; 
POT TIICH AL oeons osacuns con decovess sdetaebes cnscp velvet i otheccaptanansokaniee pet iene eaannnn XIV} SLT 
SANGDETBL............secececccesssscceescsssnccceesscecesecesensnnsesccenscccosecennensess XIV, 318 
MINNA POLIS..........seeeeeseeeeeeeeeeenseeceetaeecneeeseenssestesaeenesceseaeeaentaeees VIII, 63 
PVC CIA ere oe oo oo ren thas ee beeen s ou cuthsocnenspey test cacee tantesensre eee een VIII, 64 
TeASS TIP AS snes o eee are cero en eons te on és coaele rata totnn aes eatnel wane ene set ccnn aman VII, 64 
PUT OSTA: sa gs cn sce de dak ands cBlocavtvctedes stesuccshupae ces caatip (eee seaeenn aaae eee VIII, 65 
CHEGTILATAS (oh cockenctesdocs cans tevuevose dns ocesbipucws eves sas’ haret dae darcgensCeee ena VIII, 65 
Ghd lo tit be. ices vies cee -v es tees do-ccansnesevennannnoehesavealbe shay queer enn VIII, 67 
COUNTACL coabe intasetbcsonssatechdescescucecunsscus dapdo dency cotweessteacecee ean VIII, 69 
mT tHe] ob secek stan ssaccesenouste ss ag seve» bab tte ace caeee otnaeeNnemeens its ok aa IX, das 
SWEENEY ..eeccessseesssceseesensecesecssneessaeersaeenscssnnsscseusacesensaseeasannaseenags IX, 115 
Orthoclase........scsccsecssnsscesccccscccscsssencscseseccsevegeescecoensuscesccnsccsnacsoseenaseeeneeus See 
Orthoclase ZabDbro....cccsceccceecesessseesteeeeceeeecnneneeeaeaesesenecseneeteeetaceaasacennne XVI, 62 
Orthodesma: 
(A) MIMNMESOLENSE......ccceerecceerreecersecentteeeetsaeessrseeeeeeeeeeeenaeeenaaane XIX, 228 
(bb) SAfFOrdi...ccsesscccesseesseeestecesseeteeeeneeseseeteseenseseaecerneseeneaneneaey XIX, 229 
Ornithology: 
Teport Of. .0s...ca9s V, 88; VI, 154; VII, 34; VIII, 154; IX, 359; XIV, 347 
MOLES OL. oc auchtne oFuavaccubedhyepneabseeadavavectbuawhuass vocens cksiyaeet ities aan V, 230 
Orthorhombic crystals.....ccccceccceeeeeeceseeeeeeeeeeeeeeeeeeeseseeeeceeeeeceeneeeeeeeererens VITL Aas 
Osakis, lake .......ccccsccsssecssseeeeeeeecesestsaneeeseasaersneeecsnsessseesseneneesensneanoesagaseess IX, 2738 
OSATB. eccccccssccscccecsecsesccocsscccnsssscnvcccestesscccusesspesvernasescnsdeouevcanenecvecnsseiessens XXI, 74 
Osceola, WiS., travertine....ccccccscceseseneeeeresseseeetessteseeeteneguaaserrsnssegnees XXIII, 198 


7 
; 
p 


STATE GEOLOGIST. 243 
MISECACO Mt OL OWE OLLUEL AIS tose coos ce sce des psecsturesetvees voevecdeces ee Sie Ronee D 
BI GELEAESCCLIOM Olu OGK Si betaine seca see steee ce onesacdn cai seretoadusectsnis caenenbe II, 131, 143 
ME ENVIAR SCLICS: osu eeoncacs oy ahi Ses oe ta stance ners coasd-saaveneertaseasecadabaetrens XVIII, 154, 155 
YM RETA SG a EO eee ener eo eee XVIII, 134 
Otter Tail, lake— 
PA SURE ATF EUCBEA MD ee ten ceec aac eas sesh Pane Caan aais er Unne wee de aaus ees IX, 277; XV, 142 
SOE TOLESIG I eres grat ttee soa Lo vasctcnsosenessetee sctoveedcus sucnten XIV, 342; XXII, 33 
Weer hail lake) Ontario, QuaxctZyte...cc.c.ccccen-cnossscerececscacees XVI, 26, 37, 43, 156 
EP GREEACK ATI CUO ANC IAKES cic. cwnlec soncee cau taasode nee seeb on vanedued citbacucke XVI, 210, 336 
MA Ereetae le tee1 (8 KasA © rosea, ut tos ee rccacc oScgdee tee se tee cc ator se hececce Wee vetase shoes PX S55 SGV odio 
BEOLOGY Of......0....cee eee seceereseeeeceeeeseeseseesseoee NM WVIL, 111,151; XXII, 70 
NOAA LYNE ogee cee Nach ow apie d seh. co cas levensiesscoparsataaindaesndesatetsdeneacban. ebesvasoate XV, 291 
MMMM AEM ICC RNID ASS Zc. 0 cts 20a 5-.«sccesscou one a seeeasadten sate saveuvaseassasess VIII, 87; XI, 148 
GimMectiillron alent jso.cs fesse eo-csseoece codeerade eae as taetahe XIII, 140; XV, 291 
Overturn of crystalline Baers EN at cu Sek ho eam ce na vet asian ot enc ee Gee es XVIII, 92 
Rimcatt LANE OTB oe otec sesh Soe cays -os~<c aca tbstos teen ccsxctcuauet teen orp re cee ise erat enetee etenat XIX, 181 
Pia MPO amine all SPTIN PS. « <<.-.-sste<i-> ++ scuesae ters enssusescse sasasssesaceesngnacsmapaes IV, 113 
Owen, David Dale, ......X, 134; XI, 7, 31; XIII, 131, 137, 141, 153; XVI, 


143), 4345 4352 XVI, 12; 62> XIX. 9%; X XID, 13h, 13754141. 
1U535P.O.SNMS-o-6 8 


BReePCH Gy MIS TE POLE. sasay dooess ook - a 2252 onus apap epsunasee hake saat catecBiae svesenass vee I; 30 
SONATE hc See os ae ace cos sncc acorn setae soda vedoac enn isc ceatacteeases ouneee ecnentarsel XVI, 292 
Oxide, of manganese....... sce ep dado ae A aie coiN cua aan Sekas saciid cabo sg ene ae XX, 342 
Ma MEAS TOAD xs cee cscs Nor Datguect cop ob ees seen ps ds Sane castaw eh dosent von serucenale XIV 273 

CONT) GUIRY Er | UE arti Rh ORE At Mn Ce a tp DEL 7G. 

{ie a) BY Es Ean Bee te pe 2 AS Pa er aE a el Aree rae ae A ita DOIN) 

ReiCerstalig.: Sapte esc ttcst rege Ue OY ttt wy ae eerie XLV; 275 
Penmaes dhatcy, tear Malone, NV jc.-y.-ciss-.--000+2ne-nceesea-ncnesceacasecvanss XXI, 102 
JP aitim’: $OrO KS pee Ag oe AIR A Sen ook Bah ee eel ane oor II, 168; XVI, 54, 188 
PEGE OLOGY oo ccssiscesslocescaosscsssesoenes AWG iS WIE SAF WOU Oe ID liye at ffs) 

OM EHEMONVER | SII UG ATi seo sence coest oes atoes nec reece sece tee eoee XLV, 58); SSSI iS 

RSE HERES OES CATT seas eae aa era ea She co sn dsomeccas es overcoat eter iene Ratntaaoeee: xX, 128 

the age of the sandrock at Austin, Mower Co.................0...00008 DG UR 6) 

Cretaceous plants....... BSS RE ES SEE CRORES CR BODE EE bb dbon choco Aon CDNEE Ano = ratal 


Palisades, rock of, IX, 35; X, 110; XIII, 94; XVII, 16, 18, 21; XV, 342; 
OV MAR 45 XK OT. 


ETP CU Ce endear nace gh Nadas aa ce Vacs accents we een a oeee eee SOR an ae oat a oo sree See a a OGG eR 
Papers by the geological corps...-.. ...... EXO NGI 2s" XOXO Aue SNOXON TTD = XOXCTIVE Niax: 
ALAC OXIA ESUDAT DEM 2 cose tsececae secs ias sere soot tac otscecaverscssteuhooeess DQ OU EE S-QNA 0B aS) 
Parallel profiles: 
PAGIIIMTKIO MET OMITIC Coe seeas 05, <cceeeee rece oan Sno ease atc octaaarst es ce udrate Meteuaaaae XX, 225 
CEI ACTIB LO NATL CE reeree onc core eae a eee aero a an ePe Oe cea se Cdn tageane XX, 225 
IRE WVEEN AMATI ROMANCE. tre. stac tree sevoesouseecstan sesteetosestanteneetanammact XX, 224. 
OES UTE OVI NCEke sae sh ese crscc sc deeseraeek cvsnc Wise doceas suasasocsdhcscchcseheorsun. XX, 225 
parallel Str uccures/ 11) PLATIGLE:.+5.0+..cesesccsc+-cal0-s0eosoatseoecsstes-es NOG OG EM Rs oi 
DUTEIAQET AIS ROMA ES 5 Cock san cccac Ate e eno sncneLe ORES DOOD OL OXI OF les AS 20 
arate SY tet eg NCe WU CATs ones sa cco tee a RESaee es Sass Sande Bimeo Gace ns aaa baemieaceee XVII, 42 
Paradoxides asaphoides and other species in Taconic.............00-10) DANS sib 
etree ROG NIC IC MA OCS e en te av ards doqseedeeresassass2-00-seres caaduonnaetceessagnacste sss: XVIII, 199 
BEE OSU NOM LO (MO ae esse onc asscaccratiteains. Sontag vanaesdqthacednaeet Ievovesvednceset XI, 155 
eae SEN O OL LAC Caras a ti cege ss sgece-2<sape sedesransctoeastnunnccanerasccessaaneds EXe 7S OVE S9 


eta LIC CH Al Ss seeseaivarcessavastceseesteaceesedeavcodiedver dt snsocaseesccta: cre vss qe ane XVI, 290, 356 


as 
244 TWENTY-FOURTH ANNUAL REPORT 2 
Wat bias Boos oc. -Sace, eoaae gape avase wmesaes Mice sc mpiees ae ao os sacee eek eee XVII, 90,91 ae 
PAtpen Pe AW en. dk OA acer ee i an ee XII, 940 
PAPE YS SOUNG. 132 cc.neo2652 een cse od ae cob des bas oA cana apes cas aoe eee XVIII, 125 af 
Papen lake... 755.00: 035. Rc cacsncns. csnbesine> pea seeien ts tales seek eee XXIV, 136.598 
EAT 7 Oy | eee Py a Be Ey. 22 > pH Regen? Cl @---.. XXILL, 1396 ee 
MP OA EASES? «03 cn snceesnonse os dusvedteacgusessessbosens apse svenondiaegessss dzastesdepuat oonspt ean VI, 128 a 
BBA Bop n3 csnsvis icant oF aes ee ere Coie nce sande ben geaees gota VIII, 8, 9; Il, 75, 88; XXII, 295 3 
Fillmore Cows leitse hs. ae iV,. 62, 90am 
inter pbacialls: fscstlycecckaelsuscit saccade III, 161, 180; XIII, 141; XX, 290 
ENS POCHON LOT 525-2200 - 0200 odace ends asteye Meee eae ches sess sect =anva de tae Te NG 
need Of examinlatiOne:....,svcsces tanh. ce sesso eae eee beeen ce este te eee XXL, cx 
quallt£y, Of cited Mri. 2. se 22 0 ase beans .2oeae ae eee aioe ape eerabas 3s TI} * (9a. See 
the working ‘of f200.c..con ie eee eee II, 106 4 
WHEN It OXISES SS 0 hs iss. nce ceccecbokonsescensapetee ence stettes Met aee ee i299 i] 
peactical canchiSions:-<.........qgntr Sosnse> queen cap cine s imenetateseaaaee tee II, 12655 
ANALYSES oi.5h.f.cs asa scehssooseco-dteeencceeeeehs ses ee sSoathesecressececes teehee eee ana Il, 92° 4 
method (of testing foris ss Scsse heck ocace eek se ee ee IE, -99222 : 
Pebbles svolcanicionieitt:.:.:...vs-<0-<ssssten Aevsseoe- ee reene ee XV III, 200; XXIII, 17,, 18 a 
Ati CONS OMELALE 5 228055. 2 ccs 508- -o= Sese aes ans sos Seo ets bo Soca semen eee XVI, 345, 347 : 
{Nl C¥ADASEN sce coho e coc tease cntcnas Cocco ae cunetnc oR sh a eres XVI, 96, 97,149 
EO At a Thue oe ey Ri ee XVI, 56, 104, 73, 216, 223, 226, 298, 324 
AT SCHIST Ao anesap dealer ad oe oh oa Paces eds ete tonne ste ea ena soe XVI, 106, 313 
ttt Gia basic TOCK Norse w se secasseneetacs senso eeasectonce se soeeh ons eee eee XVI, 317 
an Ogishke ‘conglomerate: <2, 2c-ncossuspwcre wacabeve ne eeeane= XVI, 345, 346, 347 
MietAMOTLPHOSE 2222.32. Ai acduceseseckste cones ooo sesases te sdes as een eee eee XVI, 346 
Peckham, S. F. z 
analysis of Belle Plaine water 22-2 nss.ccccst-s-scncsnes-scsanesecnseseecsteaeanaaae u, 87 
ANALYSISION PCALE..co-n-sseesscqssneadeset ats O20 o oocna. vodae Se age eee II, 95; Vi, £28 
Analysis Of pipestonesiies..322:--2oc5-65..scbeeecceuebed sb aaarhecceeee Vi 1015 Sa eae 
instsuctions by executive COMmIMIttEe.....2025...0cy-<¢senes-ponconneseerertaee Vil =a 
EEPOFL OF CHEGUSELYjt00550>--conmecropedevone ’, 57; VI, 126; Vil, 322 Villase i 
report on chemical properties of waters in Red river vallev....... VI, 35 4 
Peckham and Hall: : 
on lintonite and other forms of figuidormee ceeds cstkacndceastes aeeneee VIII, 166 
PeCtOlICGS 5. oosccncc esi sdecoe ots guate hte rin votes cen os snandaus chick, ph eckeocn tet ae ee XI, 622 
Pepiiate tec: <-y- tance teen vee ee XVI. 420; XXIII, 57, 58, 93; XX1V) ae 
Pé@lican® Wake iic.ve024.<25ons va hateesccauparkacss cbs sens dseccerwden seteess aeas teas oeeeeneee ee. ©.@ 0 Pees l 
GeEscription | OF. ......00.2,.cveenstagot =-yensinncas otaahactsus slither paves coca IX, 279 a 
Eg) “COs. na tise Lan oo cay vache pe'echaey Teme opal pepegsers eee agen ane XVI, 445, 450 
speciinens Gollected 2. i ....-siseass, «issasnteton oncteyeonrcanuaeneam XVI, 475, 476 
Pen enlly JOM... 05 cosas chess sobenetbdvendevdnsuse) te knaMapawes acs Oe tsee as aaa XXII, 141 
Petite. Holo py CAs. ns. ccceis-shstncambenp erste se tac nleakeunadssiuhe (eager XVIII, 79, 107 
PERCE Gee ess cin cys oes gin ns intesthend taghiAd venue «abvad svatsnwe pap cauns eee XVI, 189, 194 
FLU PONIAN & onc: Bn Ryiccosiecan etn ceee soe ee ipa aeons XVIII, 198, 198 note “a 
SQ Ui valetts  Ofges.i.!s.-scsevanenvber sve0s00me ohactynsyoshseshiys seh aye XVIII, 205 "9 
Penokée-Gogebic rangey diSCOVETieS. ........ssscesccsesveoensvsessdapessncavessvanes XXII, 1375 ee 
Penokee Iron range... scoccssccnsscescssenses XI, 159, 160, 167, 169; XVII, 24, 47, 48 
Penokie, Orie itr Of Neate.» .viesiess dcneunastnvcasssondeavssusesavensstdevaseularsse aaaneae XXIII, 138 
Pemidigi, lake, or (‘‘Lac Travers’’) description Of .............scscsssesssesssuss IX,23t 
Pernallee (tHeteOrite) s) ....seccccsscechninyoncedspouses oak Gwesesisuvelt 4s iuvashek gertenennane XIX, 7 Gas 
PPT trios bn cosh ce kd ofstason hess sndvinstdvay»ruvelsewachedtsssuksouabi ris’ suades seth ttnnainnnEnnnEn VI; 528 F 
Permanency Of 1akeS......1...:sccseseeseansenshsnscccsvasenceseccesssvcessusseesavsvienssausaueaneiD X, 262 © = 
y 
. 


Ts et or 


STATE GEOLOGIST. 245 

Perrot, INL OEIC Leash cateenee oe eect ote as oc tiere nan asteucewcuestvane Sires scans ecseUsostensesterect I, 23 
BRAISED Stic o ose coe a aaa igen ea ons vara dexsuvs anna vets 7a cna an secsscu lac dadestende, XIX, 194 
Pettogtaphy,Of Akeley Lxrepion «i520. 0.02.00. seneedetedsensseosevsesersvepenceeees XIX, 193 
CEASA EL GOT SPC a oes oon be nae aaa on eRe en Waen hous Dee Son cusacoubecdecce XVI, 368 
Betrostaphical work, not completed ...5.....22..-sccccsesc-ss-secaenececerenssranono lV, KV 
Enc EAS CRI IC sce ee aa ER oe se keteeas cuttaeteccssoesee cusucetessecaawssbonvanncees XVI, 362 


quartzyte, XVI, 86, 91, 93; XVII, 23, 50, 51, 52, 64, 111, 160, 
185, 186, 189; XVIII, 16, 186; XX, 3, 123; XXII, 28, 74, 75 
102, 159, 160; XXIV, 148. 


Phelps, TRS TO Gece cen nes SeanBbctoc se Se Ce aCe Soca OUA Sones or bane EERE Cian dontca seadaee SGSarmeCcte e420 
Philbrook, MENG CIC ecen ses ee eee e oe e tec aint dass g enee nee Mad edach Sees dteeorenct ors XXJI, 114 
TD SY Te Sa eo ae 1 eae ae CIA Ag a1. 
Phgosophy of dynamic mietamorphisSil........000..00.0c-.sancasccecesssssesnnesseese uy 22 
eee MRTG El CoA seee ce arene Ui cctc ce cceva se fen cacs swccdas tuseaneeedtetvtanesee (accraassemecenne XXII, 202 
PRS eaMEAETECS) Olt MGySLALC:.acce-<-c2ncsen-cscssapentese comp seo mamaeanse tae sascneee te ROK Vtexoxtt 
Petetmnse Mat het, e CO., CuOteds.4iv.+.---s0sccrsorno--sdeweaneeeeccnesstséceacessverent Oe SEY 
“2h gibsscail! Theil awe aes we se Sea ie Si Bray ek SE Aaa nt eee oh EN Pa ae XX, 38, 39 
IELTS ke Ree ea iN 4 er en ea IR Ag See er XV, 143; XVI, 348; XXIV, 98 
MEE MECOCKS COUPON Onl spay saeco sare ete tes nore soeoasccenN ew Meaesecsetece XVIII, 90 
EoeebiaesGOVGlos scent. foresees: éccctvegete IX, 67; X, 56; XVI, 288, 356, 362; XX, 255 

Geman caliatialivy SiS: Of, weattetss<.c0nc- scans coptacetuetac=tassssansaveronanda tae XI, 174 


Pigeon point, IX, 69; X, 48; XI, 12; XVI, 292; XVII, 13, 16, 20, 46; 
Vi 75 = XOXe) 255 eX NT £9. 


(TE ES pa ee ney: A bec olsen: YOON sR! 
Pike, biest., description of Falls of St. Anthony........2.........cccesesnsvecesvoenas V,180 
dapaonttherialls Of Sts:A Tbh ON. .03-ssccs2-s00- 28 su svoc-kcosteetee sad eseedeesers V, 184 
EERIE TEN TES O TOUT e cco ae ceees seals Sacto ste teeins sees teeta es edo Mase vocomeciaescuesdousetees Wie aes 
Mam mete ce totes coon: 52). Soe vewa ce deen sbieicapweacece cote os taseeue TXGAL 25 Xe GOR Vee (an 
PAKEIRApIdS.-..-.sccccc00s-r<000 VI, 532K, 98) 170) X11 1402 XV 2775 XVII 134) 
RPMESERULRU PM ES 2-0= ences: 225. <cb ice sncade eines st eseesSiocassacasessvaee TAGS 240 SX A 
SRS PMELIAVA MEN Azote. coy ote c ccc becceosce ye cceticcstssesccicesecansesecracost Jose sesedeSecsenceoe- XXIII, 202 
cM aPC Vossen ae ctcc tected Sar ete sore ceoavascereatsaoudtervouttetbeass ease ret eo XVIII, 72 
eames CESCEUPL ION" Of, sons 12 52<0r<e- dawrassaesrongiacacsee--ccesa¥ees-creedereduavas IX, 220, 238 
Pine county: 
etgVSTCULITIGRSCHIGESscotes sce cece soothe oor aaso ae ook Se aso ae ded acan castes ebay AeOa oe eet ane XI, 124 
TTORCATI UAE T Ie ae sons occ Sone aaete Dee one eee eee nee he abuon Ts cheisessies XVI, 61; XVII, 144 
SHE OVE |STHDy GUE! CO Byes ge ER ag BEER ee Se en Ea hear DAS AAS 
JPRITD CUE Ce pee see eee = eR a) Oe en a ae ee XV SOE Dev, TOW 
IME ANKE, coe. 22:32 40-0 5 case EXE Oe eV 229 Sol OX VAT LOZ G7 OXexenVe. bo 
sim EN ihtee mace neetoa as 5 cee sote eae seo a cais < oee tevock Lovech se setae ois au csseebecduavstipeees GING UE 
INEM ATL EO ME GESETICEIONtscscc4.ccnsecc se coeonhon cases cr asauest canees VIL, 24; XVI, 396, 431 
Pelee Ee LPUL COteelV LT CTI © OSs. ase ta s- abs cnsetentes ecw twessbentoostacco tas sysadso-zanecanesreees XV, 261 
SPERAINGRSU CII GEOe Peet cee, fe eae Paty vs Sis cbeveetsesceees 77 Sie OL OVE (8 G4: 
of Pipestone county....... Pe Ce son pen so de tes Se shen wdoetua we ae eemees neaentna ee VI, 98 
fe SOS All Ses) AeOtae cv ecscstea cece reso eks sos cases sees -tee saeeneodeeeen XM oT 
Pipestone rapids::...4....... IX, 88; XV, 93, 104, 149, 356; XVI, 111, 196, 333 
ESE SEOMG, CLV Chae roee oe cca ae a soo So ans 00 Sea e aT Saas sue u not one Lsvseaen at od Mee taeVast anos be Exe S0 
Pipestone county: 
FEC ON OVE ONS ree aoc tetaa tats c sacs tecade cetacne ade code tt Sse Sease cease Je soaemdet dus soccnt VI, 93 
Sem SEONG MALE ZVI LEG ya + ack spa nce de on~ sabe one dee aca etenuan ss ass nvoutremnc sees XIII,. 65 
' Pisolitic ore, Mesabi EAI, by eee cree ne Ae Suen ae ckys XXIV, A7 


RTE FAIA ocd canoes io0stseceeceed ek MAMN OR oak Aa as Sonera s con oak Sans tak Set oN La 


246 TWENTY-FOURTH ANNUAL REPORT 
t 
PI Cer rele is:, 55:42... sn -2secnppasevanoansenvarssntse-Seapetectns-aess te ceesasGsneeune XXIII, 39, 41 
BO Sieh anny iA Keeeccc-s.bese ss co senasoseoneetesbect ves cenueeeerceneracae eee XXIII, 69 
RA ATOCLA SEs 05.002 01 00s 25 dance estyaiee son oh essen nonw eee eck os gene a ame 1X; 6h 
[2c 2 Ee ASS PIR ILE A LEEDS» UE RRR 2 ?....... XXI17, be 
Planes of hydrothermal fasion ..-3.2..01l......-2-scseeeaeaee--ootsosoncesteenseeonareneme XVII, 66 
Plans and recommendations. .c-...:ssscesecsncence oteeee stew one otsceenece 1, 1185 SOX: 
for'a Staite Pare re: ric iskoee on ccc stone eeee conse speeenen era seeen a eee X Vite as 
Ptciorhis, Species: Of... 15 2..5.8-l0.c..--Lactatpocnosod MeaMepeetesse bos te ehcon en teen aE XXIII, 202 
Plants, additional species identified .........:.cccccseseseeseseeeesesceeeseseseeseseseeetes VII, 45 
at SEA TENOR yo sete do: doen nte-aectee anne sceeeedbpeasstts -b0as asses >, es yee T4123 
cataloetieiof, by. Wpliamn: 2.022 ohosspreicent separ ep- -setes ined as ce eee XII, p— 
collectediby the Snrve yes. ...332. cectacasensecepeecmerarshe terenou dar ers oh >he ee XIII, 74 
listed by 1, (Az (uaplat....2-sfeseccemesyteccntaeerectenrsqeeenee =r IV,’ “6 
Of Dod ge CO. ie. S.oho so n2 - acne Sapeen cesonps<scad ceeanttedens soleus peeve cay eaeeennam IV, 100 
Of Pill Ore CO vr sec sce ce de oso csasetneweb dap woe c hoc nab roees tba cs. ceantase a tee enemas TV ERZS 
Of BLEEDOLI COs. bac ceseres occ eeoenereener es bo cosueeeenadccessscaghtens se aeseeeeaae III, 154 
of Henne pit Co ..2 52 ibecileccs.:-snegbeanosscesh reste etenpepeeelepe oceke erate V,142 
rey lB Feyr Gy sro) (Mh Clo ae eee ee eee ta ee es Ske Ae Se VY; 20 
distin central "Mant. .2-..-:-coccconsgecee ous scnen- sos ecoseteger tess snecpiocseeaeaeee VIII, 94 
of Minnesota Walley... .2.....ccs---nodssoose>cesasceceqnantqno=nas-aan a shd-enceSeeoene II, 210 
ETRY Pon cca ©) oR epee ee ate i ae US, £m SIR Sau RPC pee. III, 172 
of northern shore of Lake Superior.................0006- VII, 35, 36; Vili tse 
of the upper Mississippi...........esssceeceeesseeereeesseees 1X, 179, 182, 201, 206 
Of Olmsted C oie cc aaa tice teacoes tae eeb oa see eeemenaeaaee ee eee IV, 82 
Of Ramsey: CO src.cc.-25csénsccesecsbustpsveseuhosnenarevers a:-ascaesyssuesr elas aman VI, 74 
OF Rice COs. ek iss. Balance ticddan ab meds csddeeeade sees cnodons vee eens ee aes eee VEAI9: 
, Of Steele CO... io dccciacencoddincebaceacedesh pon senssetecweee tnowee hae sae tae TV zai 
Plateau-like nature of Rainy Lake district..............0..:cssseccseaeseeeeceeees XXIII, 50 
PPB rInE VEL iis acbees 3: occepppnabeave<snaceeasaranaes soabe $sscecsowmeins<asespabpetbes ee aes ren aman XI, 94 
Pleistocene Geology: central Minmesota,.....ceccecccccccesessressseseeseeenseeeens VIII, 80 
CEP OSIES bueis 1.22 esvenssnsecncadosseeee ch enessomanasave eteecereh esc atees mcrae XXI, 30, 71 
Dod pe COs...) bessnseeqesiensccnenstenseonceseseassacenenpienssfyceunpeas ce es cttese aaa 
Drifting Avea...........sscccccecessenncccesscnrncseseecssecsessnscnsversonsaneresess VII, 46, 60 
Extent of the drift She@t..c..osliccaisecccden vce vevdeseesonecoyaeceraceohubeenen Ramen 1,62 
PalmoreC Ov. .:.-csteteeeeaiecsesear as Jolgvegacese coud voypdensd torts haves iste etm IV, 59 
Freeborts CObsieilccsscshiccstvetensctevcescavtosessstssbasvastendocseceschepese= Ve anamnmm—m III, 159. 
Hennepin Co......ccccesseseccecseeeesssecesenseeseneeeceesnesensnseseneeensns sasensesenanans V, 156 
Flopston COcc. avecricads ledecdchoccawccesdecdenchannestectssntasten sehen: t.)sn maaan V,, 34 
Minnesota valley...........ccccccccccsesscevecssesceseensetsconssssenssceecsoussnnsaspesae II, 192 
IEITI HEB OER oo coc ves ode nete cea det ctsuvsdiey ves sbetnensanecsae Sdupaetget Se) -aeanaan XIX, 82 
MoO Wer (CO scccccccvas<cccncegedceocdarecctbonsvecacheskesnbnevsx¢Gsesh eeedes dt sane a ann III, 184) pa 
northern part of the state...........cccccceceesereeeeeeeeseeeeeeeeeees sopananseeiay XV. 188 5 
Olaristed: (Cosel iessvcccccnapacccWececdecsuscesndocevbetvdeuassass)tstee vue suri iaanEnamE IV, 93 
Ramsey Co......sesssessscccssscscccessesssssesnbscssccsessscensenensnsscssccsscsenenansnnaes VI, 84 
BiG 'CO..0.cdvspcsdMtvancasntdosnccapecasncsccssoscansesbubssrucseces tsaelecnsstttsetae itm VI, 121 
Rock and Pipestone COUNLICS............cccsenereeeeeeeeeeeentneeceaeeeeerersennens VI, 104 
Glacial Arift.....cccccsesseccesseeeessseeeeeseeecessseentsenseeassensneeceennenaeneneeans XXII, 122 
Of Minnesota Valley..........csscescsscsecceesscssvesecescessecccsccoess VIII, 109 
Of southern Minnesota,........cccrcpersssccrssccecscvonesteneccensuasens IX, 288 
report on by W. Upham........ccccccseeeeeeseseseseeneeesennanans XXU, 18 
Ehitcke reg ‘Of. ss) eve sesvepovctondhalys tganehectcorbecgnet dxtehne Sehe Ream XXII, 207558 


SOCIO Ae Titessisessonvvlbapabaroevacdhactsce?istnsescconeetiseenewnite IX, 387; XXII, 462 


oi Sao ties Delite 


STATE GEOLOGIST 247 
OlpVEtHneSGLAmV ALLEY Meee cca case st cto. ch cet dee tuemetednesateoss xc WE tel G 
TOM aIaeapOls TONS. ClOUG)c21.scssereuecoeessees deen ceeatccesss XIII, 10 
Ci Tae Cs rrcer tise. ate tecnae ces sans teeesess tetas odass Meena ass scoe eases: SG 
from Mesabi Range to Vermilton..................2s:sssceseeeees MMT, 20 
RUAG Cede THIO MELEN Ewes eects s  <csoccc eco ac oe auk sae sees es enesc babe toaccnwetensteecesecescet IDG 
report by Lawson on the Abandoned Strands of L. Superior..X X, 230 
PE UHTANEL AE TEL EVI T CG tee fans oe 3c coer eve da see tee ee cotnes dite heoneoekosnoass IX, 281, 829 
OiULSECClS ANG: OCHEL COTMEIES cscsccescescusc sss cacan occ sesbeee tieesoseons IX, 294 
WAPUG wed see sedeactac ces den coe costa saws Netec esta ey. dou sassoewedeatiences sevuatieate IX, 298 
Hote eHehAlized tOnt Ne-SEALC....<. 22s: tes caes couessesates eiced-Tecnetaccaees XGXDV: sexi; 
LPB TODS TRG Mc seo UA Sis OO PAR RR CS ee SO eee eee ers ies eae oar) XIX, 243 
TRA ID OMAN se she Sec aces | oela nic os cies nals soas soda Uenosee eeaaces suaseesecuessansecavacecuans XIX, 424 
SETI DETR yy ies pe RP AI EE eR en GN Bae I aed a HEL ee NR KIX, 245 
SREMRMAESS ORE OCOTE TIGL ee voce cv,ccceut oxic. os oeeast cos tagesivets Paseceaisnnsinte doanbavents IX, 65 
RMN rca Se TR ae ey ia dS I a a XVI, 348; XXIV, 97 
MME BETECOMLDTOVGIIG 222 58) 5. Ao a, dea gas da sat « aon'usbenearde baceta sa ee ohooh s iovns chet oases XVIII, 172 
ReMIIBC tS AL PUNY LOS. .- .o. con icces esac cceuaosensdsse’ seseobecee> MVI, 165,168,170; XVII, 50 
WoT EELS J ARE PARAM A NET ca AERA eRe PoE ee rte XVI, 97 
RaMIRMMMENS SECTACUUITE 1a 2 T ANI LOd. 2. :25s-0 44-020 -lacdoesesessetcebnseesescecdl anctsaates XXI, 40, 49 
Pokegama, Falls.............. OEP Yee DERI USTES DQG VT 7 ONO Fi alPey2 OVALE 
13, 204; X XII, 28, 102; X XIII, 141. 
MAK OMSIGLES) Ol seeecsceoen ee esee ae scs aoe oes tome aoc Soe Meee ee Sees XVI, 438 
GMT ATEEMAVIUC IY, soc dectocetscocsptsded castes scOos ooece ue austovcatanet ee aeeaes nna aie doen oaenis XXIV, 48 
TPE SS a Tea 6G Se a he ee APO Ee Ne VIII, 14 
iP DETTE GS: TNS 5 Cea ROT) een ae ri ree eo ee ae ee an ys IX, 240 
Serpe OBE CCOTITI AIS ANIC AM oro sosseastnss Se oeis es ce ees Saenc toes eedee Sado DOSE ROMS LO 
SUGaTI1O 11S Ola. coee cc eeu gece oe ees eticoeee coe ee on cotee Seat Saotie s ees Mi eis 
Bapldermiound’ at Wane Wetyc.-27isg0.4: 00 00 ccbadensesotsavektas tote te ssnesinad VIII, 142 
SK OL ALA OM Seacna sees eae Eee tes mae eto ac en ACER Sacto ac eek ae eee ene XII, 10 
THE Gye Soha Es eee eal GREER ey RRS nor arate eae ine DOM It7/ 
PAUP TAN NL AICS cree tact hsox Zotas tea tate eae. toeeeean «asses fos ao naln sy eda avec cance otis IX, 267 
{BPRS 2 CTS Sai ae ON PO SS A SS ee eee nr eet wD ae POO IRB Ly 
RUE DN Ris D VET oo ies ts cet sacs Seis oh dns Shoes bog cob vaeeae tere cediscaabesceaesaesenesses X, 105; XX, 243 
PD ea a tcc ves ots edeestacees'ne Moe tan diceaetes XG, OA VE 5S VOSn 1 Ol mle 
FE ORCH PINE MO UNEAINS: ,.<.:2..222 .2-<cca5cctoect et senses oa once ss caeeaen cots XVI, 359; XVIII, 201 
ESRI UY ida fet asc cae cic crscn Sos ete eee oc orate R ONE Lea isnbeses Meat eden hous IX, 42; XVII, 103 
Porodyte, defined...... XV; 18, 20, 23; 307,356, 412 XVI,205-263, 265, 
324, 443.113. 
EZOVE PD MiyiC lis. totes bee cans daersetat sebeod sess iguofeaenowsSabarase XV, 159, 180,179; XVI, 201, 325 
GISTMELION-2.s eee eee Lion ZOE Zoi MOA S42 3 Or 315, 344 
5 EEA RE ee) oy CONN a) Cea ae a Bee I eer Ee a XVI, 107 
Gye VETawh Cel Fe yeas aes ee ae ae Ba eg RR Br ai Soy ee es XVI, 206 
PEAS DVT CLUY ECs iooo5. oe -accee sents ste 1-200 Sree szecens eaose XVI, 204, 205, 206, 248, 257, 328 
CLERUIFC Cee test oe eee ioe oe eR esa Sea oe Sa Byker aaaee tu ERR XVI, 205 
saa Ceh aa OY ere (ON Wel SPEXE\* Ee ohn WR ae ie ee nS a ON eee XVI, 341 
PE OW EM Ol CONCE DELON O fccr-seadasees~. 3-3-2 sc -5ssdetedeaess (ie seeesneen Ns V Me Ah ae 
SCGUMENIE AT ye OLLOUI: S22 5 occse see once saeaeenssccccesaraccmeencnee coe saeUe aes ssene XVI, 344 
RANE RCAC CIS 050 pester cncs = 355. cctea nett oe so 48ck = antec aaceeMheescercwotteceoasa% sea: XVIII, 166 
POSUELOM OL eo cerataec eres sce cc So teaee va ctars reccuastesece ose ese scoustonnses XVIII, 167, 168 
ZOD IMGT Y o.-cneseccasensesoaeches X, 187, 194, 52; XVI, 362; 344, 411, 325; XVII, 126 
SEL AVP GU Zee scasencopssesda s+ ccctecdcaetgs saves tows les» <Nchetes datas ise aease Ss xenoneees XX, 48 
PEA REN a UH PoP See hear 7 oe neo PROBA ncick CAO CREE SSA BEET SRCOCHCORE EDC BERT EE ORESCOOEEME cons pi uil fo™ 


248 TWENTY-FOURTH ANNUAL REPORT 
ofstheo wer Kieewa titiczes...s-1esnesssanee teen. s:-0 sera nceae nae eee XXIV, 69 
Porphyrgte, hornblendé:.c.0.2...0s..2. cated tak oxovesenserats. += ck oateee ae XXI, 55 
AMALYSIS Obs. 2. gosecse denis sonstes santo eduie tog teens sye eevee XXI, 58; XXIII. 206 
PG CEPA CIE 1.504.306 0 sore seca sese ste tent on 00 aces os ena ve spans casemenswae crock toate oa ese ae XX, 262 
LEG o So) cS peters, panera Cree nes opie mae pa Shane & XV, 14, 26, 28; XVI, 134, 195, 388 
WOGEASE LAKE: « os2cccsos scan see tenete eet ire cconcaestemes vs inareennae occk sae X, 80; XVII, 170,171 
Por ber, (Ge. Fo. csi. sadspas nag sepectakssocssiccecsecesesscosstesuseamesesins s. seacstostctseeeeeeee XXIII, 154 
Post-cabbro, eruptions of the: Potsd@artiss. . 2) cetecscsssc0-- 2 usaesc0npsaneestaauee XVII, 54 
Postelacial period, measnrement Of; .5.52.25...:cqetensstnes's- on. «cocoa Sep secaeen XXIII, 181 
Postulates concerning Mesabi iron 01ers... 1c, gctcavecas: .ovonoceedndnn antes XXI, 142 
JE¢0, (e110) (ae ae ee crt ores RTA PERPCERE Soo te ee XVI, 86; XX, 213 
ROtsda trish Age Olsts sec ccen eect 20 se wosetemcontaeeees I, 68; XI, 37, 123, 170; XVII, 51 
ACIG OF MBE OTS) cere ieee ce eh <n nt aveexemaenbees asphe meee teeoee rs Scgeeer aaeeay a tneeene XVII, 54 
ratios Svoy 116 bre hs bas Dicky peepee PrN es A Ae ee a ela et ee VIL, :25;Saeoo 
at Le Spero res. <5. 5.2 2. cco: cnedesncanshacs ove bea seeeeeees scpec taba aan eee XVIII; 905 
base Of ‘PalWOZO1C i. «ease scns-2-0<-cbnteses cedaues<seeeuemeasconese spon ee eee XVIII, 104 
GISCHSSION Oise oll sore eee Ee eee X; 123; SVL s6e 
evidence of disturbances: :52:...scsssrseest-->tce sceasseecsasetee se. deeeee eee XVII, 52 
equivalent of Baraboo quartzyte............cccceeeeeeeeees XIII, 70; XVIII, 195 
Of NUON. 2c hors Sogetsst ates ie sa ceseSasatetoede cuteh tesco ease poece eee See nee XVII, 49 
post-gabbro eruptions Of the; AGC... 2y..5.).jsvareostenceossaccotearBtapen XVII, 54 
separateness of the St. Croix sandstone from.............. I, 68; XVile esa 
ttnconformable on the Taconics..:.52.2.0.2-<2vssevecadecesssedee sacs teeta XVII, 51 
ander) Mintied polis. cvv...iec.c-2204csevedsocbnres inet cionduons ontnadey =o ony aaa X, 214 
I OESOAIINCSALL ZY CES sanesccecstes-tcn ps saceasee ev anaeenereeee II, 156, 160; XVII, 23,49, “S05 
in various places in southern part of the state............ XIII, 70; IX, 282 
of Sioux Falls; Dakota, 1.225 ¢.5.23.esacoqsescnsane sess veers asanvecee naan XT oe 
Potsdam | SandStOne....-ccsccse-scessees sarees ewe XV Il, 8,12, 15,50, 53; 70; xoGiae 
as fotin dan (MinneSotas .ivck..cercse2kss eons snehous ccbecebecce abel a: oe aaa X:, 123 
PETE AL SKEECH Of incre ce tuc soeis dot cveon sous ausenttenht te cbwacsteeesoe se mereees I, 68% iso 
EO Daina ie Sy as suhag us nteven cop dyed sash aanss ta hbaer tenth ipo unig cee XVII, 61, 62 
In oatia bec COs ciiisikelicdescavaceotecdvscaseshi se sates «cb osebune tats eee ean XI, 123 
of New York and New England.......... X, 126; XIII, 129, XV SSeaewe 
significance of its lithologic featunes....-.%...02..--00s-.-ss4+00ressse sponte I, 42 
shores of L,. SuperiOrs....sc.00..-cccesseaceosseccucsareccoesses tosses 4 igh nition arn 
summary of opinions regarding. ........05.koeseccscssssonsosseecants bushes anata 
the mppet! Mississippi ...-.s.c.2.02.y0s0sceponsdodpns dagaeynoshnpeg steeds ena XIX, 89 
PERE T GS, CLAY i 82s 3 no srceneritegseamruins soe ee serps aco enna aInee Ree I, 117; II, 186, 207; VI, 44 
EEO 1G KO ross yettasc cots Sk ap at ask ean oeTee Saeed ee eee XV, 142, 144; XVI, 197 
Pottery in Hense pin! Cone... :..c.ccccevaseseecneslencoaa@gectegodesnooss cncasassesttounen amanane V, 101 
Pyairies txr Mit a 5h cass cadee ccssacachcccbecege sacha due cnvctecs tyenseeh oaaebieeeeeee eae VIII, 96 
PLAIGNE LUV EL. 5 o05csacceveocstvaces Togs ncch oa hgdatutns W10ye> ccvestakacneestntas cet geh canine ateanm XXIII, 141 
eseri tion 1 Qf. ME sv. .cdeirettnarels uo testy reesneeeod IX, 235; XVI, 439, 473 
Seneral PeQlogy Ofncvsioss.csssedvndessuburcuyehciechsWekesesaseesnsecase even XVII, 128 
PPANICE At..01..cccadip-ccvearsaeedsoanownneseh opouastonpehousseess + seus Soataetns is diya 
RE OLMOTE ss 0ocsccvanesatena cavavucstatvpncneuy reset ob vas Meemteaaaads an iy ohtvieie ie nanan XV, 228 
BtrAligraPhy Al aseevcs.ccacasosqsnebinesoususs.onkevaventdiiseyessevedeehseeae XXII, 105 
PO cise UR Beaes nse ves scpsgneavccdecs plvuh vs kvdduseeweyeceneisasb Rented thy f¢an ses eaten ana nnnnann PG ey | 
Prasopora, Sittitlatrix............sssecccesoshesesceseeedensdanagpacnesossnssesonsvannepstaeanas XIV; 86 
COTIONCIOG vec nvcendayeces sss nenboUcduepwebeptos Wa veins os SEMEN Th Ccckuh Guan cies sen nrne aman XIV, Sea 
COMI QUE vesscedsnnvvessaascovsssestosspocssesbeivscouvbabanavesevetsunas¥uaayeduchaneeytael AIV,, Se 


Preglacial denudation csc cisccvccctssvenscoccscvastsoesoccceusvsuneas sphaeeuneae aaa XVIII; 211; 219 


a ae 


eS 


STATE GEOLOGIST 249 
RCM AE NEUE NK PERM ene rac a cncetaai » ooo asovst sachs cceatacsnoswtedccerbieue bonnet XXI, 128 
AA OS# (CRCLACCE TS eaas 08 eee ncdceoi..d-son-c-Sevonescesesve Mtl Au cauevecsobeess XXII, 100 
elevation Of NOG AMeriCas.:.sc.01.c.5sccedececedececsone SEE ee oe Ul Seg [Se 
Prehistoric mitiin@ On- lake Su periOr..0<2:2cse.c.cecd-ca500sasegecsecsssseenosseees XXIII, 117 
BEER ERUE cosa tok 5 sos eer cs ce eee ae Soon ate ead dot ibaeevsdvonsubeewene EX) 22X53: 2x12 238 
Pre-Silurian rocks of Minnesota, table....................::0cceeeesseeeeeeeese MN, facing 4 
EAC CSEOMOREN LTORE CO 5 eceecte se ces ste ace cn nsec soealt ores da eea docs ce cvde oto Secanete sae eeene: Vier 25 
Pa MACE Y FENOLEN CUP HALL)» .. <3. 0<.5005d0rensseegtseeseces dosesh hee, cracacdedstedtenehe Vine) 
BpeeeMRELINI AR WANIS Ee OL LOCKS 3220000 220 cs occa sos ots -pevavscdensstveavelegioe:sacudyetvedtopdeaer<eee >. Sra) 
Erimary rocks, classified by Emimoms........0s20..s..0-s0-deeseeseeoceessonens¥es XVIII, 74 
Bip EV OME Olle aoe etes es cc < 6.822 vas s cae vn ctenee cor scnesscoenet cca XVIII. 87. 88, 91 
MEME REP ECAGLORIC LNSLOEN «22 22 5-505 ached cocgoseae he sowser see se sh evntpeaoe oes ROS XVI, 367 
Pemiutive man, evidences of, at Tittle Palls.i:...05.02<.coi0.cess03 sec destaceeen Nie 
PACK SIO Pas TTT ONS = scons ke nse oe seen ee OE oe eae SOViM 69s 7s 
“Ee eTHG sro FEMS OST is bs G eet ee eee RE ne op he ee ORS Pat neat Ee ADP XVIII, 108 
HAT EIVIDHTESO CAL sevccccshes «cost beeen sagan eee XIII, 70; XVII,19, 64 
AIMEAS LORIN VR cscs: ee sates fees sueot seSoe cee ie at ee an XVIII, 112 
Prince, F., analyses of ores from the Stuntz mime................0...cssescceseees XV, 259 
Eee CCPL CWAT GSH 1S IANO .-22.hsscrecct sess cs oxso otra so caeen, ste Dae te XVIII, 157 note 
PMMPBMRO SB COCR AL: £058. 55 «3h Gon ae tue ca asus sakes: ede sisarbaes het ee ese I, 40 
rata ren Ot Coarse woke Sov ssccectas esa oi cos en saat eens Poa eo ee XXIII, 104 
Problems, for further reece Cielo woencapdete siteate aboes areca tac tunes cates XVIT,10, 64 
Ota MeyVUESADUTLOTM OLE} vacncsccsseeote ico case eee MXIT, 134 
LESS Oy ELE LEVEES? seat Ai Bain ARtertne es Ono eae tai cha ok DC Pera en, See ae 2d XI, 25 
Production of Minnesota iron mineS................:::sseeeeeeeeeees XV, 258; X XIII, 217 
Eee ALLOSS. COOK COUNTY... cc0-2222- keassennscans ok reve heneole Rie ee nO LASS 
ae SICH DE HCL COAST ot hy ooo ois oo oar ne ee EN es Sh ED EE XX 229 
ETOPress, Of EHEISULVEY...:-250.5000<-8e00085 UPN Oe 1 Ley eyed OO) (hea Ws Vaal INVES SO IC aR Va 


BSS BUT, ee Sew DB Goce BD ia 2o. Cr HG) Ear. H hats su.) O EIS OSS) (NVC 
BN ew Le OXON Bie ge OVE Os Oe A KX te KT = Re 
LSP XOXGT DT Ass XEX TVS “vit: 


AEE TESS IO ETI 9-255 sos a2 sce. 3 sags3ceoesseeeae seems Bande acctvecsremeces 2 sec saste- side oe Oe egos 
Promontory, Knife lake...............3. Re eae ees Nee IR oe Sp eH XVI, 208, 209, 235 
Provinces, geological: 

PE OMEIN SOU V5 SU POTION = frosts conse oeot es besen soikeees eatnac tates moive ee 


geological and physiographic conditions peculiar to each province, 
XX, 190 


i IEE AOAC AR 2. of MER ar 5c 8 alos oat calc hc Hie ¥c ek eats ov ents sa statea ae dee XVI, 326 

GLARE VLC™ i ccns sesecreo se duce asvooctuecodrovcsacet eb ocktus ce toceas ca ecensee an OIRO ROVAT., Sik 
Provisional interpretation of northeastern Minn., by A. Winchell....... XV, 190 
Ned TUR OSEAN 7 111 7 canoe ates stots edge tek aoe vc. 4Adabs Gnaeus. beack ee ode Ree XX SS 
Pseudo—Messer, Lake.......... XV, 120, 141, 142, 144, 411; XVI, 109, 196, 341 

Observations between .COwersand:-.i.2cs:000e 022 ssccdee eee XVI, 195 
Re SARIN Re SAS LC CEA freon (cin Se Jones Ioan ares sogcawtnac susie sarees ne XIV, . 63 
pe none of the Geological Survey corps, VIII, 3; IX, 3; XXI, 2 Peis ms 4 
TERED TAVer ae os ee  ne e (ee cn e nee ne, ar SON oo ee XXIV, 34. 
SEDECESIC I: UN Ra VMAs. A SoS ne a a RN nee. 2) eae cn er | EVE ee 
les C1 erie aay Sens Saaery ye anny 2, nt OP ee Eee ene 2 Ae PY XVI, 200 
Eerinesicy (THELEOEILE)) sea act inv, - Sse eed ova See Soh oe Sa cece eR Gaee eee oe aw A XIX, 180 
Em pelly; Riz ctted..ss-<-- he (opel So OVO =x VEE 199" xo ol SO 


+ a a 
‘ ‘ , 

250 TWENTY-FOURTH ANNUAL REPORT 
DMAP AG 6s. casas cadgoud issanecicnetensencs <csocnaaenthen: oka weGe DS, 0 ee a XVI, 483, 490 
Pusimsko Sclo(meteorite)b2..:..0, 7,1 ee ee eae XIX, 174 7 
BEES A CQIMES 225 tovss'ss nabs ssdcacabineneete Mode Ab. caches ccc MRRMeEE ho, S At ea cee eee XVI, 109 
Puraamyee: (meteorite). .2 2805.5. keie ee ee ee XIX 7s 4 
I GEVEC HO tes init cosear Nesttavss cocoate IX, 22; XV; 32, 180, 206, 329; XI, 15; XTX: 125 4 
Pyro crystalline rOGks...cc5i2 cesses coe coor oe ee XVII 9 a 
Va MAMASTNES 5s Fo Ze sche cbs ache cetag BORA S ca st sne. te Sete IX, 72; XI, 19; XII, 203 <j 
Waarries: Dietz and Dtiptiniss.<.:.:.n28.2eeteseten pk rie eole aol ons ee XX, 29 a 

Central Minnesotay oie... sce. cio tiene ccd ee VII 33 

Nati el tal tis tec 5. ee oh ak oak coe eee EN ete oa I, 103; If 103 

Hennepin comity stcoind.-12..J.-0beteteaks pet en eee V, 190 

Houston, cannty.., Ski is. 5 So seekaokels eee a) ee V, 44 

Pai chdey. se inte Aes S305 oo 5.3.. asta ee [See XI, 127 

Wasota i246: 28 0 eRe Ce 3 5 ie eetagen: (1S LR eRs Nae ere ote II, 86; VIII, 124- 

AG OTAS VUNG: 55 <0 8s tonoeies 3 soe nie bse dac eee ge tees sak Pep eos od ag II, 140 

Man torvilles ceo 16 coe ee eer oe LA ene ee I, 99, 108 

BP arab Oey ooo gtk geccc cic asucka tenes vba vugsptadersa eee eee ee I, 83 

CSG REY c OPT ee ee RS Aen ER OE OTN tenes Car G Weke XVII 23 

Ramsey COG Ey is ei. ele. hoes Gan fedbolcdv nce.toost ee VI, 90 

IRC eh wy an oo25 Facsr del aks ses sagade olay gecelos teen un auads chases be Li 

RICE COMM GW: fous tai, See ca eae bi del cevdaust sae ceSaue ation saRwaneTt ceaene eae VI, 123 

Richnion divs Le eae eae eS ae oe XI,” 35: 

0 jc) 7154 Re an ene Rees oe Re eime GER NIE on II, 241 

a og | ESR RARE | EERE ER PLOT BAM Re RAMA DERRMASBEE GLENN IS XIX, 86 

SACOM C NEEL Ss, ics Loc scr sat aoe data tie lesen vas nena XI, 32; 116 

PIB AK OPES 35. a2 pS cates Petes tango sen etate Reeds abohee ero een eae I, 82 

Sioux Falls Dakotas: 2nses ccs ee ee XII 92 

thie Upper Mississippi. <..03).c.sssdeeeatececesvsose ease aaecteaeee tine ae X, 184 

various places in the Minnesota valley........cccccsssceceeeesneeeereenes VIII, 132 

WV ARUATTNIN SO /3.e cs Suis «cba su soon evnaece sas veal paladiorabccs Boek lot aap ae ae VI, 44 

RUAN bol 52 Foo ie daa! coceanases we eels ocencut howe sek oouutens de Nees ea el ea L,- 2Si 
Odality of Minnesota: peat isi .k... satixesleh.ctvuereylescchteset hes ean ee UT, Sis 

hematite Ores: 6.56. se ee eee ea eee XIH, 34>. 

Mesa bl OLES, .c0.vacci<cipasocstactedvonves/sars cuahates » fades ued dees eae ee XX, 146 
Qualities of water, stmple tests.. -icc.1.1...c.sevesssees ¢-s006s)<catssesnel ee [X, 170 
Quaternary, epeirogenic movements. :.......:.c..cssc0cccesetossseseupecccsessvanats XXIII, 158 

TUM CAVISIONS O fis os boards ake oscethe eeccan hea LAER ae XXIII, 188 

Ten DEB OL, 2206. <pasi daaye caves = Crorcguoee ob} ek vecepentesta scan nine eae XXII, 187 
0) «Fc er Aik Bama ast ye GSR a Ok NAAT HO Te EN ns XI. 173 IRS 

Cina at LACIE BANS. t:..2%-sartyatecs ass ommtscetole teen dae VI, 58; XIV, 218, 269 

dioryte at Sank Center and Little Falls:................csssc0. sesoussnseee DG are | 

fossils of the granwlar quartz.cise..s.....icacudnyevenasspes.sshoneNeraneheees XVII, 49 

PPP AM AL ois 20, ode ds OPecudeovsascuasoepedetl coaue ed scope pmeeREeTN oa ¢ on aa mea nanan XVII, 48 

TAINS f550.0. ps cyc chev ehliven caadwechevy bveul Vaca oka vut DAReORineNe oxo (eh tie aire anna XVII, 84 

OP QLAMMITE Sis docpo cacccescetNceccadunvenvaces+seoteameuusuavarneseay see etna tnaenm XXI, 48 

DOLPOPTY, ANALY SI Olid sits ccccecceckcovees. copmupenuakeeuc st’ XXI, 43; XXIII, 208 

porphyry, possible oriain Gibb diafaceveeech penned cots a) tise ocho eaeanee XXTLYV,,,. yn 

DYTIVULELOTIS. 5. :s0issh vs voedvinvareoboea¥dan Gan stsccesp SM INED shetves xOAR VEO TR een XVIII, 21 

stratigraphic relations of the gramulac.........ccecceceeseeeeeeenees XVII, 49, 50 
Quartzyte and‘diabase in‘Aithkity Coy ..:.jscesve.sscacansbasetscssnsdovusetcuvsctyanes XXII, 27 

along the CanadasPacific R. Rei iveicsscscctcssessunscvonsesuccussseos ap svnen AVI, LSS 

ATLENCULETOUS covscrassscoodcretverdvascendds cuvenecdasswenyvsntss Sede tbveh Vets lie isbeeraas V, 14 


-“ 
Loe 


soa 


SS ee Fe eS ee ee a 


ee hee eS ee hy 


aN 


s me 
a ee, See ee ee! fe OE, eM 


ry 
ee se To es 


re o_o 


Ae Pe. 


ay 


STATE GEOLOGIST. 251 

EM RCO SE OIG gat ner ce nc tase unigs races Ootcns con seacsdletas tet ue seeten dace eccas eas II, 158 

sal CONE yas FAV EEE AE die Ce ROS BROS ECR RUS Er EERE yo RE a XVI, 58, 187 

LENCO ieee) eugene aan icin ENN ee Bee 0 Sn eA aE XVI, 32, 161, 162 

SBE LID O Cheer ceee eects ees ote «| Le. SookecSe dsc ancas taveSapae-asasstenseeSs ucsteseesy SVU 2 oe 

DESIG Bac SE 8 coc SENDS SBA ECO REE AE EoD SE SS PERE ROPE ape XVI, 43 

MOMENT INET Ons eats Ss cs Sc Acaoc oo cAlsepatsebeck ans ceteensedla dese sudcre sect XVI, 58, 187 

SE Eee Nes Oe nase chs fd scsd dadetee sites tscetees ev cstbosesseevo ere aoe) Metaas XVI, 176 

SEA CEE aI ES oe a A 2, DP a ee Sg ee ek f XVI, 111, 320 

PEGG ees are sec aetee ecco sab aes in ccor~tnasuceceiseeeeessevancedsenbs sovectesns XVIII, 190, 192 

iT) CB ESETI VIS ems Gees 2 eee SDS FREER See ef ne ee ea et ee tne XVIII, 176 

ES OTUM NEN CC 5. ot ccs sO asco vec cibnoaseharcosh cseceacoayssctesssvesuaccedstessesenneraek MVIT, 86 

Ishpeming....... SN LINCS 2791 7 EIEN, XVI, 45, 175, 178, 187, 440 

UE SUE 2rd ES SA i RE PRA net ee te PAN ek a? XVI, 21 

Maebeth?s! bay... <s:.<-.2..-ss-.002 SPREE Ad A ica err Pe OR PA are XVI, .20 

PRESALE ON, LAME C! ores acc cr. dos Sees er ee ne Serene Tea anes seas Ten coe b,@.9 a BIG: 

MVD re era tN th Coe ies. oss caok tes soscac scare ocnne cea ee Sede oe oe XVI, 49, 178 

Missasaqui Sa eee ea eererer eer XVII, 47; XVIII, 57; XVI, 34 

MCAT EEL RICA US? oes estos see. ss se eee meee etna sas ee ose eens eee XVIE 21, 22 

ING SA HEE: itess sche cares case nsse bac esaoteee ey uno tes aseenes DQ\'g (are on La: br (oats cyt La lin awa (772 

HEAT MOWED, MRE ed Ose oes Seoite soech occas castes noe tosaeeeeR XV, 269, 304, 311 

Onion aEriro nia me... sciesss: sps-cesecoleessce creed oteaes ce ticasietcspasmner cas X VEEP "22 

Otter, Patilake, Ontartae. %.:..s-scsesc tess eorahe ota ck cee ae ete XVI, 26, 156, 166 

Pokegama Falls............ XVIII, 13, 16,46; XXTI, 28, 102; XXIV, 48 

J Ei Oj FSG ESAT RSA eae eee ee aes a a Lae Ne PED T.682 262 193 Se cielo 

Pewabic, XVII, 23,50, 64; X XII, 28, 74, 75, 102,159, 160; XXIV, 48 

PAES LOMEy COUTEL Yo sese sco. due cecs secs atone ts cserent coe ee ee oee ae eer VI, 97; X11,'65 

HRETS DOC oo. cos teacale coe conse Sareea cates Wooton sos dugxet eta LISS: VELL, L03 

STIS Bd ae A SR A an Bees SSRN ee RNG Rea E RAs Nie Vill 97-X VTE SOS. ont 

Storxmballs WaAkGeAas CECA ris core cee ieocenee saee erin ete ee soe XIII, 90 

pBessalons Ontanrio® oe. 4 cosSscnc eos en eee XVI, 18, 19, 58, 152, 165 

Wi S WAR ONTITS 2 5.5..2207.secsceros secs XVII, 19, 50, 64; XXII, 75; 1X, 64 

RICO a COMMS GU Oli ts vas bo cease c staat he see aoag inet aa anns Sos te vase ot aa wees edie uizeesceeiane XVIII, 72 

MIUEDEG FrOUP erc--.ccaco--cs-0%% VIll, 25; XIII, 132;-X VII, 53; XVIII, 108, 126, 138 

(BCS TTRY 2S | So eee as sa REE RRP DAE rr ce ap Si Se ian A oe XVIII, 138 

MPEG EAE STEM Olis sas occ -os Se io tas oe coke one Sas bas consent tt aaa ves Pate aobecies EL EO 

[2 (OPSEC ETO aT) BRR roe ReoPed See a Sl ne ie Re ea eee EN, ee Oe XVI, 153 

OES GE ey eR a rhc pe ee II, 204, 202;1V, 92 

PUTO LE COMIN yaeed S seen <n aeawedee easiest saced seet eee seeds Miss Someone tee IV, 69 

RICH O OE CONT bys co2 cere estes ce eee teea so ote ces bece tate eee ue non omeoee 2. BB 37% 

MES ENITE PILEIC COME Wire cts os se eae eck Seas os ca es Cae OR ne ee HO I Ds V, 192 

EVOUSLOIE COMME Y= eens. 3 bac ceee scan eee ease os ea see oe So eae ea aee ee ettes bactes V, 49 

quantities fotidind Fillmoreconnt y.5-.20ie.<.0-ics case ogerdeootucecoedesecese IV, 69 

COuraceyes lute oan Cys: torent as ced ose ce cece Se ratoes case ee inc Paneer cere sens ete II, 140 

HIG ORCS IE yest ee tcc 5s Enea ode caste vcfaaead reat th ons rapceoeeeee otebua anak VI, 124. 

BRAM CSE CVO LE MOLTIAEIOM ses 10. cacesdoee ces cusses sate acncesgrck onsen sense eee ees XVIII, 194 

apeernTieet Act Mise Al CON SEONG 2.24, 'ou Penta cs enh 0202 0o<cnasnohagzenemnte= zee en mennoe XXIII, 7, 8,13 

ia ey ag BS tee icee nd eee ce 5 oe ee ee ec! Ree ap AS aD, 40 al MDa ye: 

WWitoeneaeetirn atria SELIG oc one once aoa oc nese eoee tooo vee eon tees ook coe ae 
Railroad elevations—(see also Tables of Altitudes). 

Browns; watley bt Cl). 5stee.a: suse. syes cess os ceasgaes dot eva soctete doe canctannaces XV, 428 

Waledo mise ATiCs WEISS? Wes ees eee aoe, eee oe cdots toads cb ans Piees eeee V, 14 

Che arr lem aN OL LNELI Race oeee ss oseccoctiteceseceseceons seoseeecenanetione XV, £37 


SOR 


252 TWENTY-FOURTH ANNUAL REPORT 
Chicago, Milwaukee & St. Paul................... IV, 116; XV, 345; IX, 350 
@hioSt2 P.;;Mian.isciOmahal Ry s0e- ches oe ee XV, 438 
Chnrea'g078e NeW Riygaencsieis ous toon ccdsecoecnds tebe oes vs been eeese epee eae XV, 442 
Chica gor N. Wiakiye tn LOwialeos) cose cee eesetacsesencodeume noe ev. .cocet DE 258 
Dalath and) Brainecds Mine: csc, feisicsss secon eee see eon ee XV, 433 
Duluth and Tron) Range R. SR. .22. 0... sersieasseas oss wee yeas eee XV, 444 
Duluth Sz Manttoba Rai. 2.2 ..08 oc tecseeesacttesas op saccet stereo ote eee XV, 447 
Rergus-Fallsiand Blick: Hills idivision: emesres....+--25.dearos oeedesseeee XV, 432 
Hasting sez Dao padre ih ck atscscceesse oe os eee oan eee VIII, 92; LX, 345 
Houston; HespenQci Ss WR. Re aseessaca: saeeeeateas coceste oreceey see Maas 
Towa Div. Ul AGent: Renta s, sccccsre cece eee ne IX, 251 
Lake Superiorand Mississip pic tl.s.::ace:s-2.ccasebtuoeaectsndessteoast-s eee I, 49 
Little Falis and Dakota‘ divisioasz...<....sessensco-se-sdvass heeh vee eens XV, 431 
Minneapolis & St."Losis: Ry. <..sscccse--32escsseseoqeete- 08 teins XV, 441; IX, 351 ! 
Minn; Lyndale & Minnetonka’ Ry.c..::..-.-:ssssedugs-cgsesssee seve caueouoas XV, 442 : 
Minn. Northern. ReoR 64238 S.c8s cess ecco Ss ee ee Vil 20 | 
INT Be IN WARY ac sc cans sestloesosedncsascuass cece cine biehhe een: Crane ee Oe ioe Vip 
Northern JP acti sie t- ore ieee ee eee I, 50; VIII, 91; XV, 430 
St.wPauland “Sioux City ca. 20c.tcssasecsees cas «hese once veneer av coe eee I, 52 . 
St; ‘Paul and “Paciticws 1 cess ison oso ea ee I, 52: 55556 
St. Paul, Stillwater.and Taylors Pallss ..c:i0s..02cc200ssees20-ncieeoebenteme I, .54 F 
St),Panl and Dulth Ry. ei i..ies tae. pecweapess .csecenen eas ee XV, 437 
St. Paul, Minneapolis and Manitoba Ry. iota csckense XV, 427; VIII, 91 . 
St Pland i NortherntPactic RR 0 cet bocce eetia ee ee XV, 433 
St. P. and Sioux Clty div. Chi. St. P. M. & Omaha Ry.............. IX, 352 
St. Cloud and Hinckley branch.........cccccccccescesssssessessseeeteccssenssees XV, 429 
Southern Minn. Div. Chi. Mil..& St. P. Ry Dane lunsedaceocentens Coane IX, 348 
Southern Minnesota... 32k. iccsconlcoecesdesoctens coodeso tesdeee neces ee ee I, 59 
Survey for Hutchinson branch of Minn. and N. W. Ry............ VILL 92 
Survey for Minnesota Northern Ry. 02.0.2 sc02.:<ccses -eececernoseenstone VII, 92 
Minonaecist: Peter WIRY. .i.sssascescvsteesks sieecstsstnes conker age VIII, 92; TX, 345 
Wiscoysin Central Roads: tcysccib..ssecestsecesnstco-0s ecavacsttyeeenees acee eee XV, 429 

Raita. sicvz eds cnosicosssnce acctesteonevenenctxclel scout Oatehest oleeadetassncb see aed ce eeenaanas IX, 225 

Rainy lake, XVI, 413, 467, 469; XVII, 32, 35; XVIII, 210; XXII, 31, 35, 42 
PEOIO GIO, 5. sacks cess couteies tes sebach eave soeacans my ink robs aeeuRne XVIII, 213, 214, 215 
CONCINSLONS CONCERMIN Pacs-syss~ ee cnet ces sees nave es venee aca eae een EEE XXIII, 104 
GerivALlOn OF NAMIE. .....0:0nsccnnccessey coo seneibnndhnaesbsaiivesss ony aay piaaiahs XXIII, 36 
general features and SeoloOo yes ..2..2.....vecasunons-baceskvscaen hese tenets XXIII, 47 
Placial epOswbe.is5. ssc cexs> ct. Pabsas consocks << edeadeskas<s an oesheee epee eee XXII, 68 wi 
OMG -5s5eecdeuseasssonds :astastsn os sesesiebie conn oi2 tana tee a vcre ene XXIII, 1,2, 36 
lack of placer GepOSits..........2.c.scsssss0sssaverssnasitosse sc sone )sveestns 0 ieee 
MILA PS sccjr0ysncsvecescdsscphodasszs suus¥ehds@r Ups lauds as cvPaetrndVas yah ex >) ie Seemann XXIII, 101 
OLHEr PLOSHECHS.... Mirarssvcssevrvacreeseveroncs sscesyunveee tusnsos> pes herteeauyee XXIII, 80 ’ 
OLHEL TESOULCESS. ..ues, da vnnscdscvespessadecs+s0ssspalestprovedous cops veal egtaneas XXIII, 93 
Preliminary repOrtMOn:,,...62...-ch-o1er-s 0s .sceseeivamnapsarscoups ti eaemeans XXIII, 36 
TOUCER Of Cra vel LOG... .vcaiccetceccvscesaos}orssene urbap hace ch svmcyoanh esp cabs acta IEE 
Star P Mllli.......ccceonssescsusshedsvvessvvancdacdetooveuspuepbasenpans covsnetnyn tal) ss Amann an 1 

PRAT Y LAKE CLG, ou..aesadbottaras on cbeyaveneriwaersiaeiens aoa temmra eens XXIII, 47, 67, 78, 

RELLY LSEUICO SURET pron vc sactivens «nvvp aangeeebacatentnmastes XVI, 408, 466; XXIII, 72,95, 98 

Ramsey Co.: 
BOOLO GY Ofs...casadassssiacecsesssacccscuscesess sores cues tennessunbvosRSyp Uspapps>ss4ateamNe VI, 66 
REORrAPhical Mag Of......sscsccnsscescesvoccoesrnvesboakseessacwapesybogencnh Vi facing 66 


a 
, a 


STATE GEOLOGIST. 253 
RST PIN Se ters ree ee en deuaee os cocecdcevesVedccteeracedescteess IX, 80; X, 103; XVI; 274 
© ORAS POUT AEN eee SO RRS ASSIS SAS aS Se eae, Be tee a A XVIII, 215 
Rattleand Nye, chemical analysis Dv...............:..:ccssssseeccceeeesesenrencees XVI, 80, 83 
ME aPC Oe AG Reta eraser ee Je otc apcnie ees 20s dn dednile oaucesataaPioss scuwdtes stoves XXIII, 82 
EPPREVIA TI RIS SATICES eres essere once nc io atecerercatce cen eeee es auccccon iets XIII, 10, 20; XV, 402 
AM MOGEMAVEStELEM MEN NESO Casa se.cc..-p2focasesesce-deceesecs dsastestenceeser oe OL, OS 
GEthenntennatiorna eb OtnGaty + ys.c09-2cscceck occ eee cuese teen cee XVI, 143 
MGEELIESHOLE’O tela Kev UnOM sees 5. sok er ern ee Vie ts 
Gent eNO tit iy nance uh s c.cseeet ote tenchsec ee seat see eu cat ttc eedenesbersced comree Meee VI, 44. 
NMBA AMO Geeteee 3 cs. cecal dev oscesd sas teeeaaeeenran wut eens ie ate omar dees tees VI, 45 
RIC ERC OMIM ede aevcns ic = lacvacbuse.t cess Savsacaecsebnsae bonttec nieve aeons VI, 43 
Wart COLMM EY sttecd aces stsetr ed eoer-> se dsoeuecete ced ssrcdeedt teeccc seen ae VI, 43 
ECESSIOMMOL NIAC ATA EH AllS 72.-scc2-2.c-02-1 asdesesae Cleace ak -eoeste-beh codes XXIII, 181, 186 
ep StwAnthony falls....c0h-c2e-...cdeee V, 175; XXIII, 182, 186, 190 
DIEENEMEE. SHEED Hess. 5s ecc eee ds cake scas tence toe vod Toea teas hots oleate TX, 338; X15 139 
REeeMAOL Held WOLK, U.S. Grant. ..0c-- 1222 -cemstaee toes taathdiva seis tisss oddone te VSS 
Redtormation tH Minnesota. ...::::.c...-s.:2s-2cesee>-eeses XVITI, 184; 202; XXIV 24. 
Heresed MET CTIGG PIAL sch eew ene tdacost nercanosstecdectcseseeransuest eres totere Reset sua se se ontenet ees Pease ae VealarZ, 
Redvheat test for the separation Ofgminerals:......22.2..is.1-.c-0ceecscceccssessere XTX; 50 
of Tae ee Ae are _ Ses XI, 153; XX, 88; XXII, 23, 92 
eerimyatlcer Gat INeSEL,V atl Olle. is ho-coe sei cehcna chee tec ealivtoeceaus cbs cade eee eae XIV, 339 
ed iver of the North; above Breckenridge - 0005. .)5... 15. ctesenewce se teseese ces IX, 246 
chemicalanalysissoOinwaters-O fiers oe tecteccrsessooeeoe occ nse ae eee OZ 
ESCH ELON Ofte. 2a cteeeesesless cc saneeee ce tes secon estesthuats foshuteons subse nL TX 22k 
CH SCIRSSI OTOL. soa seeceoe tec oss cote ae eee oe Sea ane DOLEXG S27 ONC aaa 
LS Wa A OM Oe soc. sedee eee sale beeen saat ecbes cack Ja cree Oana eam nee Oe VIII, 93 

Red River Valley water supply...... VI, 9; VIII, 113; 1X, 166; XI, 144, 146; . 


xGhy472-LX 135, (O83 XX 101, 445 365 XVI 2d 23) 1735 192: 
XVIII, 184, 202. 
Red rock, IX, 58; X, 180, 101, 44; XVII, 21, 173, 192; XXII, 3, 77,170, 179 


eesraplc OC a IK CS coos ce soe ote va ct cons cose Soc sade sos deste iis inethameonk XVIEZIS S31. 212 PRexean ss 
NERIESDINUELOC Kivei.s- she oe occ d_.5-h0i- sae ooo cce dice cndasnoue! Gate aptawa se ope sonaecos nab eeeuss XVII, 49 
AE AK EIS ELC LI O Wie ae costae coerce seac eonde 2o eseee erred mee XVIII, 90, 91, 142 
NEIEIIOIAC.tccrstessecacccudeteed seve Scasconceycecstess secu anosanetet eer costco XVIII, 98, 100 
PRESENTA CH CIAL UZ ViCCrs sa: stot sisesebscdcadesenceeeteetes cree cet eave ccs 1 158: Willi OS exe 2t 
RECS MUG skc 225 sega teen ct acca see he OnE a at doe ok « comcatn Soa nae ea a Seeas Tes once Xx, 120 
Redwunnorsection of Baru bluthy v0 sccceirseescensacecachocnccecnsetes aorta aceese oneal VI, 45 
Redan pen atttCeStat, Well! o8. 18 corse sens bescncds cSesctsdasiss iki ecsessieé teste eeeese, DGD Lys 
RedwOoOGsP alls’. i:.c0-.cosesesess once a= soos ioe sk sc oeedanond VIII, 102;XVII,-8; XXII, 30 
LDA acess hae = nonce ce Pooe See vd sa eRe laa vos seuE Gu eSenaoacask SeoameOT oa XXIII, 94 
ROMA iach a seco oaacde oie toc eo ts ie sae eer Mea sit syne cnaee ccs Serer Nie dass reese XXIII, 102 
CEVA) CRT AN, loots coon aOR is oe uc me eae ae kee ee ee ae RS oad IX, 243 
SR SRS, oe Oa aati 2k Se elaetataee eae A, SRR I MRD II, 76, 167, 188 
Re-elevation, of St. Lawrence river basin...........c...ceecesesesceeeeeseeeceseeeX NIDI, 156 
by aewave-hike- epiro senic uplift:-z-..2.:....-2s sns-seo-seeeee econo teeee os XM, 162 
TRSSES CE CS TC OS ae SR eR ace cet eer ee een ae a een oan ND. D4 I ea Ho: 
eM yd PONV icnt ce ccosas seeens c cen 551s sep essacn seca oetee ste acae snl. oapseeusies teat dec uencee vues XXIII, 218 
Relation of Champlain epoch to Quaternary era.............::0:sseeeeeeeee+e © NII, 185 
cana KS; OMMMILSCAV. OGLE: 2. cos eetauecetes sates tncconesacsemeeb rasta saeae toateeasoossceens XXI, 143 
NEM OM La CS eats sore ees oe ans once Peace Cree oSs nod Satter soak etme aaa ovbe tee tohevelessavebueaends IX, 268 
eet se LACT COMM by se .cetee satcep sacs casteaan ra ohe odie see toccoteteaes cooei abaaenhics Ls WO SO 
Meee BRE aE oUt LTR cca reas eh aeasrice cade en ae Joa cae eo eade asco oR ctasite 10d. 01 «Des ius dnaadcweatRe XVI, 140 


254 TWENTY-FOURTH ANNUAL REPORT 
Report, rules for its distribution,.........cessecseesseeeessseeersseseeessessseeeeseeees DG 8 ee «55 
Republic mio asitain -. «1205.36 c eayestes tsennees orod-re acer topeeeeer ss -vamget el eraeeteews XVIII, 171 
Republic, Mich...............ccccsssssssecssccececcsscvecnsnsesessesessecsesensssnccerenerenssnnes XXI, 86 
RRetatIT OT URIVEL os ooncc. eo Steet ce se Seee eee wok coasters dodees. oe eemaeembe ses vat easeee ct XVI, 64, 277, 356 
RGPISCH, WEL. ,.CILEO <.502.cccen- soceoutnwsbn saas'anspdte's cnet: subonssiedece>a0a0 pry seh onon-onk neveesese XXI, 26 
RELFEALAL MOTAIIES occ s2ieseceesa es das coson2 sobovncen es cocvenpebensdacossctenntectesesaeee Sark XXII, 145 
Resources (financial) of the survey............. Ti SOeAt9- T1977 5.V LS eke % 
XVI, 10; XVIII, 3; XX, vi; XXII, 11; XXIV, xvi. 
Mebcrreie ML Ds secs. ccsazect -cetastasnte ced onoj covvectouden’coMMMMMtets (yas oond cans odpes~cuneeea tenner V, 187 
RUIZOCALDS........00scsceecsccnccsneesecesesssseeesorcessecsnscnsererseosscecsecvenansctces XIII, 150, 164 
Revision of the stratigraphy of the Cambrian...............cccceeeeeeeeeeeeeeeeees XIV; 325 
Mhptie sland. VACOMIE IS kere nns-e > s0+--2-rogdengenes +b cretapeaensepna nee Sareaaomeehseee XVIII, 77 
Rhynchonella ainslici............ccccsepescesseteeceeeeeesecsseneaeesenreenesenesensecsconees XIV, 315 
PRAGMEOUILEYs.- 050000 ste see sc sape ig Webenatores sxeeGeunstys ness s<qteaenrh hme at eetgeesesn So: Vea aaaame VI, 43 
PCATIN.......cccsescessseseesersccsscesateccsssnscsereconsnoessessnsonescecsusnaarorduasnsersens TL, 102 
SEOLOLY OF...00.-ccccsseetecceccnsendnctesvosenensseessodecersrnseseseresnanscesnenssasse=senn VI, 114 
geological map Of.............cessesseesencooerocccooscsesnscsnessensnncanaee VI, facing 114 
Rice's POint.......0.:.2.<ccnonsennoshocesesvesnenenersaccattee VIII, 22; X, 193, 114; XVIII, 201 
PRICOE EINER oes cee saben oe Se ote hod Pes wa soiree chad se Seal Und ivs wus sv otandamenys des sae tne IX, 235 
Richard DON sass aes oan ee PS Rie XXI, 106 to 108 
Richmond, Angite—Dioryte.....:........cccacccssteauenesseceeeenncecargetsneseses XI, 54, 58, 105 


Cretaceous...1, 109; II, 176; III, 174; X1, 35; IV, 56,92; V, 152; 
XXI, 126; XXII,-26, 99, 122. 


exploration for COdl......:2.s0.ccecaasescecssssaveassvescazeppaset-en ITI, 1577 XA Ree 
BTANILE.......ccssseseesereccessncceesenceecseorecseerecsccesecesonncesscncaconsessonsenecenne XI, 35 
Bie AK ABS Ola. ccc. ees hesgeee seen neb votar ceeds octcceetaeennt phen saceneebeetnen he een XVIi5-3n 
Ridgeway beach...........ccccccessescccseseserseccsceessseenseneesssscnses XXII, 61; XXIII, 169 
Ripley lake.........cccscccssscsessecssecsseccescensececsseseneceeseasessscssusaecnsensetenrsenaeesengs IX, 262 
Rh yOlyteS........ssescccsessecessseeenseecencsececsneceecnssescnsssascnsssssconrscessensesesesees XRT 
ROG TL ACE cocoa ic Saas os oles earerh cs Shece ste lee acon akan Cook ee ones nse ten XIV, 124; XVI, 491 
River systems: of central Minnesota..........cccccceesesgecccerersesseertenseeeenenes Vill, 83 
Of Che SEAES ce dele ciacc Wise caccsdesctecsanteccnedssshSdodencs seek oseyete tee eee Een IX, 227 
EQUA COS shy ii sede daashaton ates seetae sanyccae tea pdedidedboeeds tans tocdr sg stat onsen cannes XX van 
gars Ui. BE: 5 csu sc take conch ooh nwhte tee seactine Dice is neta bie dntg hay cab eek yh a ueeg aie Sas XXIII, 154 ~ 
Roberts, Thos. S., acknowledgements..........ccssesscseeeesssesesseensereeeensennes IX, 399 
list of birds found near Lake Superior Dy.......cccccsseeeeceseeeseeeer ere VIII, 131 
list of plants found near Lake Superior Dy........cesesseeeeesseseeseees VIII, 133 
list cf birds of St. Louis and Lake counties...........cssesesseeeseeeeees VIII, 155 
The winter birds of Minnesota DY.......ccccsecceeseeeeeee > cavsteren sean IX, 373 
Robertson, R. Si ...ccccsescccs. cccsececdesvonssnandsosegecuauspencrsc.csuescoresbabnenyannaves emai XV, 214 
RGPisSOU, A. L.. ssecsevesssessexnsesenoccvssagsderpecsvascponkumbobosonns bsanshomageniysrgsaae XXIII, 83 
RG OTE SCL cess oi cescovaccdevovabocecastsopnrcnanessts velocuscettlighydaunaeis».<vscuypRieeene) omnia IV, 86 
Rocks—American opinion On the Ol]der.........cccccceeeeeeeeeeeeeeeeeneeeeeeeeeees XVIII, 65 
classification of the primary by Dr. EmmMons..........cccceeeseeeeeee XVIII, 74 
crystalline, Of Minn........:cssccsseeseesseesrsersesseeesereeee el, 30; XI, 36, 124 
Aescription Of...ccccccccccccecccsessssestsneeeseeeseenssnaneetaesessenseeeesaneaereeeees XIX, 203 
CUISCHIABI ON OF, soc.y MBs ce ticchaswocbebeeiabobscvescoscsaveecPwe ranch our XIX, 201, 207, 208 
exposures at Kekekabic lake........ccccccceecessseeceeesseseseererenseerenens XXI, -13 
CTU PtiVe........cesssseessceceeseeeeeceeereesesen seseaeessenencassesesseseenenenenananaess XIV, 360 
General CONAILION Of.......ccccccccececeeseenesnnnnseeeerseenenssaeaceeserseeeennenees XV, 172 
TOUT TULICE TIONG; sides vnccccccusdbnaphnsenardnnnescscivs ssepmeeUBbathes cpanees XV, 17; XVI, 142 


4 f - a Bes . : v 
ee ee SP a ee eee ke Ss ee oe ee ene om 


ax 


~ 


a 


STATE GEOLOGIST. 255 
list of, collected by N. H. Winchell, [X,10; X,9; XIII, 39; XVI, 114; 
ome 5S: KOO = XXII 2382 XX TVy 1:39. 


Hist of collected mys ois Winchell... ¢-ccasetttac-cvs-ccsae-sceoes acs XV, 19; XVI, 369 
list of, collected by H. V. Winchell......... XV, 413; XVI, 464; XVII, 135 


list of, collected by U.S. Grant...X VII, 201; X XI, 59; XXII, 79; 
XXIII, 220; XXIV, 145. 


list colJected by A. H. Elftman.........................6. XXII, 181; XXIV, 150 

hstcollecteds lye Ava): MiCCW Gs. 2.2225 costadaass even svesccetesccest ccdsedanceee XXII, 87 

Niet CoMMeepeC ys Je Ee P ULI: 202 ce caf ogeeens ed sketnsscharoete-oaeasesvestourae XXII, 125 

other lists...... XV, 386, 415, 416, 419; XVI, 14, 24; 222, 240, 307; 
XVII, 193; XX, 96. 

IESE Sarr Ty RVC TG XS ee Bien eT Ea RR i eee tS ie XVI: 369 

numbered ....X V, 16, 386, 389, 413, 358; XVI, 141, 222, 240, 254., 


307,319; XX,33; XVIII, 13,15, 29,59; XIX, 194; X XI, 
42, 151,150; XXII, 5,17, 79, 86, 89, 125, 133, 181, 189; 
XXII, 220. 


OMSAGD try, OMcAT I Onc s15-256os core ee wantt ones tee he on eee XVIII, 47 
OLlECLOpsiOmintcentral Minin. 15.52<seeen see suatee eens canton ce oen seen eee XI, 86 
principal terraness northwest from Lake Superiot................... XK ate 
Saiplessmethod ofslabelling..,c2ss a2. tcr-csk-cnsensvceeheveaceocusmasaete XVI, 4 
table of original and acquired structures.......... ...ee.cceseeeseeeeeeees DG. S48 77 
LPF SI CBS TERYO) (0) 9.5 A ARR Rane car eR PRE ei ere er Pine ae Ame ie Ua UE Wi oo 
plekeri vere AiaAlySis Of WaAketine..c...sc500 cise tiecescncctesenctesces cbbecnesoineteteesaeeueee XI, 176 
Omeeant zy tel it heevall ey: 5 ...css.cs..eeeseadssconves seeatee. doetendtuce soeewen ee -II, 160 
a NS LE EEN SH CO oes colar de ge ods ops caeee ves aoe Neer cee nace Tee oe ead XI, 105 
IC MAMELIO TITEL AIM LOCUSE. «So seordsestcsnaee oensnd bo ssdsuacteauises avs vsdusgesateat eeceeen anaes VY; 90 
pme ERE UL Hog Nea Vines yo sco cet a8 oe tad aid wn oes ocd stsls sowten dena coasatebo tates oe Ret auenbae on bewoees MOVIL 2 
mepers 1. 0):, opposes LAcOnic.........0cie.2s2-c-00<: XVIII, 70, 76; 77, 79, 102; 103 
Gap palachitail OW eRCULIIs.3,2.ccc 2 sac esusocw sue teaes te oetn sea eeaeee Neck 94,101, 106 
AGS OL MOT OLMEE TOCKS tates eie she seek Macc ceas tected neh Sa ene XVIII, 101 
MIP HEMT CS on tao Se een SS vgoenegisethe nlc sedusecaevetedene eens Woieeke sede te seuss ck XVIIT, 103 
Rogers brothers * 
OneAp pPalachia ny VErSlOUS.<.<00+.07c08 ese eves ches hewwesicctccwcence XVILI, 95, 109 
CUGOLSE CE DypEVall see eno 25 sch ongavoseses) saeeconccasessrecsdeceesaccsen stent XVIII, 109 
InOeEES-o VV. b-, Inopposition.to Hitchcock... ...0....2..0-.csssebesessstenseceees XVIII, 97 
Teg ecere CNN (a A eae} Perea eh a op iy Aa aN OBER RED. cod GB 8 ast 


Rominger, C., X, 133; XI, 169; XVI, 42, 47, 48, 50, 67, 343;X VII, 44, 71; 
XVIII, 156, 188; X XI, 88, 92; X XIII, 16, 154. 


GISSCHESHEOUM EEO GKS ie. 2s cee eteree nai. Seer oe wow wanes Sees XVIII, 189 
PimAS TOMAS Ol DEO POSEN s «icc; oct e erie e oak oc~ ota cn dence nat eke cbagee dR eneeeas XVIIT, 190 
WWAVISEESIAECS os cacet cant ects te ceettoaiss aca aa a ess Oecd ecg tue adew eos XVIII, 193 
AHI CASCHIS & PTO U ooaseaav.ssnas ase Maeeeerecs oS eeaecncoe cose ta seteoote oe XVIII, 193 
IWTEMG HIN: CISELIC La. 2cc7icastece eset occ kcaoen ce eset aT can oee ee XVIII, 194 
MINEO L ALOMMHO TMZ ON Sea satereces: Secs soe dsecevtsacastucteesseetedenenotedens XVIII, 192 
MUL EGLZAMLES dir xcpnteeene rans on oc angenentee censors <ecats fcustcct Suds teestetestteres XVIII, 192 
parallelism of Marquette and Menominee................cccceeeeeee XVII, 195 
CUO ES Mteca ae ncce eee econ ok. ges Meee Seen e ask Lada Gusta Raes eat TO PERERA oe eek XXII, 92 
skepticism of relative 3o Huronian and Laurentian...... XVIII, 188, 189 
WLC We SO fetes aren coco a a oe Pg OTE ON RENE XVIII, 188 seq 
eesti SLA CESS. << las caaesavene eqce=ss<tccdotecesacccdees X, 185; IX, 164; XV, 205, 267, 303 
USGIGTE TAINS aie onthe RePeS Se? | SCAR noe OS ate eens Aen a ee Sane te tee IV, 13. 39; V, 40 
SepEMEENAL ACA SCE CULLING ace te a, 3.8 - ad av) ae dds docs saanns sAontattedeesetvacsesdb aboerserotdeis LV oo 


256 TWENTY-FOURTH ANNUAL REPORT 
Ropes Sold mimes. cakes ees ere XVI, 48, 172, 176; XXIII, 46,147 
jE es CORR, CRRA FiReare Ak ORG NESS tn SACHEM he 2d XXIII, 39 
Rose Lake; ..ov....0....sc0eceseesceecccceconsoecesenesestaeecneenacsnns IX, 77; XVI, 274; XVII, 144 
Rose, Pabt. analysis Of peaec.i.s: 25.0. d.rcoosstnesateceureasacecat heres aasedoeeete teamed ITY «92 
ROSEHDUSEH AED. scscsutcecees tats necenetosons tate tees XI, 85; XVI. 142; XTXg6; X XT, 14 
Rosenfeld; Manitoba, bouldericlay from. ..2)0.t0hssss-+-s--csssgenetatrentuan sae XR ASE 
WON ess cece coe cee oak Lem eebaabs towooes Nb So aatcn sot Se amMenee doce soca s cee eames es Somers ULV pals 
ROTEL AR «VP. c. oe ccc nas cone cote cos sche os tnesbeovest st meee eteadeescesesccesseren meat XXIII, 154 
Riepnd MAKE: 2220. cesses242 X, 74; XVI, 64; XVII, 119, 144, 169, 183, 184; XX, 67 | 
description............ wishin visa senbaetagateaees eeemeeeemten ccakyauad sees hee sea X Xp Sow 
ESA PY COs 2 oot sso sneer mane taba seancede ges das sea emma een vacehaond ae ot eae XVII, 183 
Routes of travel.in: Lake cotmbyeisc. 025. cskccescscos tateeeee eete- sees snaees oon ee XXII, 143 
of travel to Rainy Wakes i... sctocececr-tcbs eteeeeeaa o esee soeeee ae ces OX DS 
TEAS Rig eh) ba 0 ORS eS SRE Det a Pe EY a ep ae ee XVI, 206 
TEETH hoy es BoA) ER OS oe aI oe a ek ee Sel AER 65 XS 
Ribherford (MeEteGrike), -oc.s.ceces-ace-c-sessuestececen de> sosweceneecbaeeenone sas eene meee XIX; bs 
SACCHATOIG LIMESTONE: cich.scc.ccshcce sede -00s cos cedovecen sec sdovaeestesbac cate cs sopee ners een ene 
SaddieiBags and “Froe Rock lakes... 20) icc. -ss.s.beccnsonsscesers< oe ee ea XVI, 98 
Sapantaga Take... ...2ic-cc-o--ce0-0s--osneosonnsunoser XVI, 211, 214, 217; XVHI, 179, 183 
PAT OA LOL fies ter ocs ease ea aaa Sacco aoe et coon e ne a ee ee XX, 83 
conglomerate and syenite at Wonder Island..............-.ssse0-+000+ XVI, 220 
MeESCHIPTIOU fs, ot. abs 1. sheet occ aden cecetooustocecsscungaianeeh teary tae eam XK eS 
PVA MMIC ALECAMON...02.c-25<.-cncavsonsesnar sds sngananeege cnnge=stenrey XX,«37; XXIV eee 
Cre ThE ens ee ere Peece he eer eae Cee XT, 43; XXII, 70, 715-3 ieee 
AERP DOL, woos fe Socev cv ceocnanneunnianrese=aerten=@evetscetireiss «sna staat teste ate eee XVI, 218 
Saginaw mine near Ishpeming, Mich............-..:..s::ssccessseeneeeeeseeesseeees XXI,*~-87 
SCCEIONIS? Abi+ 2s sec5-ceacesevcccashsces ste avasss senses sche cuss tesucedetomsaseeaaee XXI1 96) Sr ae 
Bees ANC, bce scscoesescdcsceccy cncune passa emasncenah anus ote marr nes ary XV, 93,94; XXIV, 49 
St. Anthony Falls, conclusions regarding.................. ocvabaiessteastae s==e eee V, 187 
eSCHIPTOTG...2+:.-tezsrcoasonseance~cas pects owacefasineacheepsarerennan eee eee V,L79 
GISCON ER yeiiew. cocaccvrceantseave=sesscscecesoeneder-agareteeeras ether ease eee I, 22 
BeOlogical Map... .iecccseresccceesessececeresesncees cosenecsnnsuscunsansers X facing 156 
pleistocene geology Of ViCiMity........esceeeseeeeeessettseetsseeteseceeetenaers V,456 
TERESSION AEs, esse. coavos nent eden etics vaste eseostre woos V, 117: XXIII, 182, 186. SGe8 
Saint Augusta, Stearns COUNtY.........cccseesecceessenteceetessneesenserseeserennaeeeseree XI, 106 
St. Cloud: 
POCIES TOE. sci ece tocc sak baci trds on aba vock at a oebanduceeck doth te tesens att ae eG ey nat 
Syemite Qranite frOmM..........eececcceesessccecessesseeeeecesecnsnenesscecceneesseenes XI, 82 
LOWHSHIP Of2e505-0c2e-cnenes chesdstveses nckenncecgesSecvapisetahhssvesaeeas sb skeet eaEam XI, 106 
Siri roix: SAUUSTONE, AGS Wl acces-secpcsseseesoscc asses eect ashes I; 70; Il, 155° Xvi 
COM POSItiON.....6.......ccssenscnavnccceeseceesssecns¥esennssannsecsusncrsestenessSinSaPEaOea 1, fe 
CHIBA GO CO. s.5.05 lesonsseeesnstongevs6¥e vend evs Cosvanbbernesnetetey ys ica Meee nes ama XI, 133 
GISCUSSION | Ofecesscvncsccvitssdoncceebavecets -o->cocdeeyevdhcght 50.5 ceeenaeee Il. 155} aks ees 
Fillmore COUNCY...5.........cetecsesnscccosssccoptenesseccsocvonesessgessesescatessahesune IV, 31 
HLOHStON COUNTY... ...cessecssevnsbovesconsvosevnsevetnonbiety'nnehssh tess (ceed peeRnammE V,, 29 
Pile COUNLY..../0..d-2nassetedsvoceovsnessacconsesnbounsunssossoxsoensesteeenanaeeaae XI, 132 
St. Croix river, investigations for COPPer NEAT,......ccccceseeeeestereeetereeeeeeeees D.@ pa tes nt 
St. Croix valley, Lower Silurian and Huronian..........ccccccsesceeeeeseeees XIX, 105 
St. James, mineral Water..........cccsceceesnneccesseceseseseesseeessseneaneeeeeeeeeens XXIII, 205 
St. Joseph, Stearns CO.......ccccscesseeeseesseerssetessecesaeseeessesesseseseneeeneeeeeeennas XI, 106 
St. Joseph's [sland.......ccccccessceceeseeessseeestseseeereceseeeeeseeseeeesseesneeeneeteeney XVIII, 88 


St. Lawrence River basin, subsidence and re-elevation.........c.ceeeeeee es XXIII, 156 


3 
a 
} 


STATE GEOLOGIST. 257 
SEeawLence limestone petllmoOre COls.. c-ciccsedhcacsadisescoocdsosdesalous oct eds vee IVa ae 
PERG EFS EOE OO eee ce rere oon a donee a scotch onseee nee ced Soe udokootteaee Ande deetee at V, 29 
BANE NELE SO Mien cen ee saree tec Oc os ove sh oes sow oe aad Fes ccdousas WedewsesModendasectauets ts II, 150 
MEG API E ACHAT AC LOLS Ol... 2ccotescv.qpcenesusensstaceseeeceaege spsstaxevacvaseet oes II, 152 
RII TAE SCAB GALEN str ce cs oa nds 3-5 3000S oo 52sngk eile Leda oa ian vouaeuatceicrspai devas VIII, 103 
PEMSIOTMOLS Pied ol OLA PUNY es tec. 0stces see cuss etn deceecaus sacascceoertecedeceseescces XIV, 325 
Ett. TL OF EMSS RS ee coe ce Ee ee a JEXS MANOEL 3S 6y Sileexel. 35 
RMR C eR EOS 22S ite Po Fsa +22 acl sa dce un voversBoet cde sane <Sercees X, 32; XXIII, 239 
Ne eIRe CE OTLULE A AUIT AO ther osenceeas . oo cathe seems cae eae rene Se saet noes eee tae: 21>. C able 
RVC STR Note chow oe euet Lone sae d eee GAME Caste ne Sdneeos te sdes OO Oe ROL 
PepImeltiEO atta SALES OF... 5s cecke-. 5002 concceaee cae eavne has tncseeotdvone sees XIX, 109 
RMU UDIRVES RTCA to ac's-o<-/s22e08e cece oes evapzssersecsbevséuccdneesstecoteseetcess Was tekves0se XVIII, 8& 
xtep LATS RW GIIS S262. -5.cnss acca scm ecosecesso-vnes VI, 89; XOXIT, 55; XIX, 85; XXII, 34, 44. 
BIRGEEUECIMITINIES COT Cle esc oon eee cae so nas eecehee WileaiG 
ET OTTEISEMO OL VEC les Ihc onc cots saa Soe ox acs ae e reese P eee Mie. sh 
HATTIE Sie ace ole Ihe iad Re et Fae Mee oS Beata th Pete II, 196; VI, 84 
LENT Wey EASY Ho 8 ae ve a Pe ENO RE ERS Sa oe ol pe Ae Pin Set ME OO 
MEME RSRCIES TIT SOME. ALGA tc50 2. <s5 08s eeenc soe co oneeea pete devas eons tb ceca seater eee I, 88 
ass Sites [Pawar ee AL sel Ee ane Sd Eee Se a wane ewer ar eA Obs SERS 
iD Foy eae Cx eee i ae ae Se Ne ene ee ee aie aes ene eee Lao 
Hen EMCO east xn soca coos tasted. walssedtnnvasceeaeetondeeaeteaan de sceuvadenteetWaeesse IV, 101 
LCOTUOET CEV AITO oso. 5s conten ee eee oes os ere eae ae Sed Ree SS Oe ST OE Tee Oi: 
TET ea vG Wego OG) se so eee Ri A a aR Py olga ARIA Se IE a IV, 40 
SBD ogayee ( Cro eee ane ae rns es NES a Ea RIS ia ARs VU fad a VI, 45 
MEE ea Fee [PUTIN COE Or a csaee ieee see as soa «toa esvat at sabe ounet acer ts coune sabe motidem genes Hee cate V, 144 
EVO EIS C11 © 0 oases izes ao awcerea wvdence ton eaaeest oashos sate tsee eee eee eae TE Vi 26 
Pepties ba 1G CHATACLELE Sy i20-oc-2 ss suerae «tec asteas ac vue oohacerh saa anas tiv etaces reer i ¢ 90 
Sse a SEG I CO) aS cee per tet oe ges ore ORO RET a Ue ae tA A IV, 88 
MES VO Ore so cse ten Sade iesseacs Seanasdand cocaine tose eae tee wet wd Sanactn ee setne tees VEL 
TE fre" (CLO RS Ne Bee a Cae POE ESE ot Laer Ne a ae ee VI, 120 
Sis TPAD 6 a8 ee ee mie tlds Ae a eae OR ae WE 775 IES 85 
EES EW Chis MOS DIGAI ae. 26.205 <cns ove c0e. vous soescks sctast det odshe sk seuaeedenssdennee? XV ele? 
Sepa Ep PRTC S EOE VAL sco ac cne sins iet oes on cded Aen cota s solace d.Casspancreos teed seen eines II, 143 
Sie We RES TYE WH ESN EI7 hao] | Oe ee EX, 166: XT, 14:7 
SABES CPOE) IV eeER Hori RRR eos ak oy es oe Se Salt ee Med Rae eeieanh XVIII, 157 
Saganaga granite........... MOVIE TG, 2Loe2i. 22, 330, 040>X Vil 29% 1159. 
XX, 43; XXII, 70. 
Saganaga lake................ EXE Sav eX Ss el LOX VI 135 33a, 2h 2n7: 
XVIII, 179, 183; XX, 88. 
MOM IAAT IE Coe oe eas ies Me otov saan aecw. sedate sieeestorcarestapelane ss XVI, 47,172; XXI, 87 
Seed eae aaa lea centre eer, Soret cae cho ecb so UNM A a Oc ccaa's Soasdetessie ctentasgdecnceetee XV, 98 
Salt brine, in northwestern Minnesota................00.00008- XIII, 8, 41; XXIV, xxtij 
“SEDER IND) 52 WS GS ge Soe ee ee ee ee eee SE demace sot encase XI, 146, 148 
SalpwMinnesota, tirst publicly exhibited >... ..5..-...0ss2s2 <00e00efaccoss dees. XIII, 8, 45 
SHE SIDS ERS RSS SCR RRB CCA EEO EEE tare PC Enercon, HERR e ert EVD; MigeSG 
Saaveiloat, Belle Plaine...%..:.:.0.--.+-caecrscoescacs0scs-0ce88 T, 120; Il, 79; XXIV, xvii 
BS MEER PK iat Pol AACS ee or cesee ee ctoe ces cee ook. eet cteteeaed naa fopsastas esse stake dnwaehteiet tact oes ae XI, 204 
Meet OL trawme Mee weotcesa ye a 5 s-chenee nee teotee Siccek reeves coe Meee eccasamaeset XIII,8, 41 
recommendation of sale of lands................c..ceeseceeeees 1,119; XXIV, xvii 
BSTIOTER ON EO acer pene A ORCL CBOE OCR COE Ee Cee EE aE EE ery. NAB iain 
GIT CL bce teeaee acces recat dee ais + 2 oP setae ec Sek was eee See seae TaeSandaceds Seveds bites B.S WETS ao 


teAnsierto! DOALG OL LEGENn tS. .2cc---- 25... 2<a-vee--~ ne De 75? XLV: 3 che xvii 


\ 
258 TWENTY-FOURTH ANNUAL REPORT 
San Matehell mine neo eek cis pte a coe ees os ee XVI, 41,179 
Sand* 10 Pillmote: Co: 2 8 ee ae Re ae eee IV, =f 
FT ORSEON CO, scores. 26200 c0nvseech cs Paces aueat sou teeseaa ts ode be tet cade tons oe ae V, 48 
RICE COr SAE ee A, echo eccssenenk, Seasenaee trons rae eee i cad: Se VI, 123 
MTVU ETL ES cose oes cee thes os secs cece uOn a open a eenn EE ee cat na ne cece eee XVIII, ' 90 
eatid Makce rs ties veccecewcc tees seine suctssug etoeeee pi aerere ed ts XV, 28, 174; XVI, 340, 348 
Gatid Fivet, esa cote. snectepteaics size ss cus sc oxtde soon ee eae aes talc wi och oe te ee XX, 278 
Saisie y Malice 2.) .tccatc cites osline voce - ccgeasubeceuee sp soe IX, 110, 200; XXII, 30, 48° 
Sand Point island ) Rainy lake: sc. 5 aes! ssc esee eee eee caso e tee sas eee XXIII, 64 
Santly Lake, 1twer./.s..ficdstetes. cos nee cuscos stated os Rae: Sooo sane cee ea IX, 235 
santa Catarina (ileteOrite)...:....2s..cecens sans godt tegeceaesecasn our -acnunsedqesUeraaen XIX, 183 
SAPOUNLEC S555 fazccceecsnekedesssbacnestectwassoas cee tua Sede s ae MeeeceR en aeee aes TX, 25; Xoeaeaas 
Sarbanovac ((meteorite)) ice ....52:0h- Sauces once ee eae e cieatee ee  e XIX, 184 
Sareptay (meteorite)! cic ic sc otenes sates st. co en esos seen ee XIX, 176 
SND IAI) S Oates ase: sane os oscar sacaes er ce 2s coe eee eens oe sidbstatredhwalpet oteeres tee tena IV 32 
Saturday. lake. 2. 2.gigctoc. toecestdetoboncs sh wcaseresensens ie stepeeesocssacos ee sd eee XVi ess 
Sauk Center, crystalline £OCKS>.11i5....2.tetaress0se) ssnae-eape ceed tenes soot ee eee b.6 G0 Ram (ch 
PMS soy oeraeeciees seach cobs ok Sune ss hae ebony sede senes poneeeatenn Seo lteg ean ieee Uae 
CUALEZ-CIOE GEC Sts. 3 55. ceces c ios sc iee tneeveesren-cavaneateenaene sesso hse eee BG 
LOCK (MOAT sss5 2. cos cadeobans cetnneas te teotenee csvceso ante ee eee eee eae _- in eee XI, 103 
Gait RAIS UALIY -.0...2.255recnnt dave sel cocbsndsines-scnpsdauetengenass ses: asaaed een XI, 110 
SYOMILE-ATAMILE. 4.0. 25... ebony nes ocoecsenceatncavaeessncsencpuh achive -quaseuteae aaa XI, 80 
Sank valley; ‘Cretaceous. .<ic5..i0iecskoesecsrapebsorssnosdeesconetenes savers scaseeeeemaaan XIX; 98 
CLYSbAlINE HOCK. 2. . .cAtecocs coos oavnc Saeateg as dee gs tose gecee he tongs oes eee eee XIX, 95 
Sail bi S tev Wari «2622.5. ose-s aces dere~cubaceesecese ive ccowasnaca don touse deepen dtee aaa ema XX, 281 
SSA Ae NES os ods Sus edbmch cee a svondous asosnsbschcentaae bes ee out oockichas ween tceees eee aera XXIII, 154 
GA VATITIAN TIVET.s caicyateiessdideseceoetos socken veewig tnotocet sowbecet ucts ode mes or tae e eae IX, 110 
Srrray Blake. ooo os cccs conse vnccdccsvorssecccanvecsuneusneseest cde sopstnsuens seaaee te eee X, 103 
Sawteeth mountaine........ VII, 12; VIII, 26, 137; X, 105; XVIII, 201; XX) 242 
COMAPULATION...2..55. ..s.5.0.cecodycunnae cas -okstoge stabees oss apeenrees eae aan XVI, 361 
Gare E ON Oe Ps kecosa ticles cons dis terse teas coastec eesuuun doen sence setehaeon- tat a ee XXIII, 136 
Scap@hitie 2 OCKk. 1o. ss. ccsocseias -ponasv kaessccehcatencercystaazncqeanuset o>detbee See ean XVIIJ, 92 
Scenery in Olmsted Coi.....5..0c.-2..ceeenssenesaseesnensousnedsup asdens sustessaseneeinnn naan 
Schists: 
anomalous characters of some green...........-.....sscc.a0+sscosseeeuseeune XX, 24 
AT PULACEOUG «31.5 -cicccvctehsueesst-soy>bpknens Jeucuhubnpeeesy Attain XV, 284, 296 
arrangement of ‘the Archean.....:.5..c--.ccscesseeesccsbecteons «see OteeRaNOnEnE XV, 174 
CHO rib ache avec. coccsceelesdedevedoatese.taccdesagudesequecesss fepeacesaecees <ate een XV, 186 
ChlOritios. dies dsteiscccks ootnvbe ees cease areevesearsc ahem hese eee XV, 28; XVI, 341 
conformable, cc) h.ccec ocd ok oc screens eases Renee aaa eine XVII, 131 
cry stalitie.....c.sssx/ons-<serneoenees XV, 175, 181; XVII, 66, 68, 31, 129) 759 
distribution Of Lhe 10M sses.s..c)...cc.cnsctuskvenedsshosscvacteaecs snueeeaennaaaa XV, 182 
felsitic: SilICCOM,.....-ccccssecd> cannes ..+scssdevapnesdese+~eokes¥tabaontheinnnnenaaan XVII, 91 
PTAY WACKE, 0:21 205000esnbovandbned onsen esses cauesvseonnescnvesssse¥anelehatt aE XV, 80 
teen OF CHIOTBIC .s.6.isiscsessucsecsecsesdsccseucaopanconnsscothgunensnyy sys smtnnaamm XXI, 23 
BV Or ni bleades: Ags .sssissvsasscoedessce ciel somstaguncdu guar cosseh sub pvens Octane VIL, “S32 
Keewatin........... XVI, 336, 338; XVII, 37, gold in, XVIII, 19; XX, 122 
Of Lake Of the WOOdS....050sis.sissc0scsevcnagisencscece’.sbsthousevnce eae ann XVIII, 49 
MALQUCLIC QUATEZ.....csecccncrercescecsesereonnequanerssoctecessannsnenenses XVI, 49, 67, 139 
WNCH cepts. sees XV, 38, 60, 304, 308, 355, 356, 406; XVI, 404, 447; 


scupeadite ie Jalbats behaetocrs Koeseas aaah creakenmbersceN eee XVII, 70, 120, 126; XX, 44, 65 
TCH e: OF hecdaliis.cadsonsqasceahsescubucneydecanaavdalsVonys «0 ghaxGlsWaneiy\hts arieer anes XV, 172 


STATE GEOLOGIST. 259 

INOH UDA Bay cet an covet ei deoe vai teremesone ese ae dan anelccse swan veveuthate des reduces XVIII, 50 
Obprertail ss Gamadaers We. sciiccdeach tess: thts dec theesbes ohn ceae eee c one ovdesee G XVI, 158 

OG MV eV era Fetaiee nat «savin sp .Seesec aie sdinahede deb val osu csavatddes sbaterenl cs XVI, 341 

GL ANAO 11S KO Merete eree ee ress cies tat ca chcswees tesee toss che eecshe ceo atea ne XVI, 187, 350 

SERI CLE CHa erean near easter cess t Sec ase sen de seis boeesc css bused hs ece teens XV, 22; '32: XVI, 340 

SSHRC iat Seneereatri bac teaass ss <hcasddsczacadootscicie eae ol aid less sets boeds eottetiod eee Vy BSD 

THREE RTUD IONE occ EE Enc EEO EEE eco e eeeee ane aa DOV eis Paani ols 
SDOVEL SINGIN. Aor noes. nc cae ee a so ocec ath oldest duacesseeben foes dene XV, 226 

ATL OL LO LINE Wy Tides seca cos cakes cesta shccyodteeeoeh oes ome eee oheaek etna oes XVI, 76, 110 
Metis OURCE YS talline... 3. J.tsecet 0 qnn-ccauetar soothes elec casserole eeenbecetaeees XVI, 334 

StI SHOSE MSUGUCEUEs cc.2 -ecucerceesoccscarcncehutoreceee XV, 281, 304; XVI, 51, 322, 323 
GID TO EI6 | Geeta cea OC COREE EE OCP Ee Te MeO Cone Rey Eh we XV, 236 
Scientific authorship, its compensation.................csccececeseneened i aeceerd chutes SOV aS 
Nenooleralt, Penny RR... 52.00. ..cocertecsesscersseeee XVII, 7,8; XVIII, 87; XXIII, 154. 
expedition to the source of the Mississippi river.................0000664 I, 24, 28 

st sf “ &to Cass lake..IX, 229 

list of minerals of the upper Mississippi...................006. Pans fiir Ae cee XS 
DGMMeMOKE CHAS sracscel cececseses te veces Seta MRE Se oe iy OREN Oe BAGG WIGS 
MMH CAMA ELVer:  PCOLO My MEAT asstedecs<sssccsccssdseeayacselsutetesee swe eeddede Reds XVIII, 106 
SreG iG |S NAVI & [eons ie Ae ae tae Aa Sa en cate a Wan Ee Ue eH MON 
GONALIONS COs MUSEUMS. .-003..0.02cssedersouseodses. PN AMAR Be OE DCIS 
ACO WEA SSMCNLS) LOM mato etescacsenuacnsessauesnte at eto teeeomeeneee eae ek OES 2A 

SPM SML OMNIS 3 32a 5 ase onan ox 1s 4c uss phew tat cclancase¥ae eugene ee bau Met cr ea ces ta cave vad m XXI, 130 
Pa RER NRRL INL Re eee tee og vale asiseiaoo tee cele sane ee euro sobadead acco ticks APRN oN en, Rei ae 
PREMMEMERECVICS foes cc sca 54.'5¥4.2c¢ cs scdec dacs dsc orstavole fvasngie an unteuee uw aaeen tence XV, 206, 410 
Mam MR GEER Veec SSEUPCL ION. 025 occ00 ace senate palicul cove < oustotoas cack a8 Soadenccueetabeedeed O:Ga yz 


Seagull lake....X VI, 135, 213, 217, 222, 331, 333, 349, 357, 295; XX, 88; 
PROX NOS 1227 


rere LECET ECLA SCS s.24 5.6 oc seedco2at sodas acting Naloies ab ohoasedalocdedetestecess XIp160; 153 

PcPL SMA GTI (ILE LEO LLLE) me. r5. crease sescchssecceees oats ses os Sobsh cc uccecssomecosthosusseost XIX, 181 
Sections—Geological: 

: ACLOSS cHe ned univeruvall leyica: +557 sseteeees oe een sen eee ak enon eae Wiles 

PRE EO GAUAIITIO Ts cere tee tOes tees sea sco eRe oN erties Loe ee oe nn ENP a, XVI, 56 

TE Ey eie TN See aaa RA RN in estan 2 be ok Ra tine ea SO RI ee Wire 

LavZ Wa tela a (Ere PAST UD tac oh eae RAS a haha okt maaroaaie ote fe waa we i A canta Ul Vier 62 

Belleselarnes Salts wellavwssosc. ss seers chet oe neeren seamen II, 82; VIII, 102 

cavgatierystal lakes Hennepin) Comiieccc-sserecccsseaciereeerc oe oeteocneds V, 166 

Cretaceous in Freeborn township, Freeborn Co..............:0000ees Wail aWere 

PPNOW ECO se cdc ee ena Vn IES laa NO U7 Syy U7 rpen teeta L 

THE NICO ELEC Oe er okt ee ie Ce AP ee SOL Mag a Ol SM 1B ale 

AbNews Uniti LO Wi @Om ccc... ccs otlecrseteeseties ences II, 184, 186 

Seneca Section in) SVE VLinneSOLAL se eae eeceseee ee Habel 

DaELNE Wiha ait Veke ees cou. 12s teeceatean uk cote ocsccustonencten ten II, 185 

erysrallime roeks' bye Whittlesiny e722) .-.2.4 2.05. cc.dhancgcessesbetbesdoteSedooseces I, 66 

crystalline rocks by Foster and Whittlesey.................ccccesccseccaseeees Gti 

drift at-Aibert Wea, breeborm comity 0.2.02. .cc0ree siesta eases ores III, 160 

CiystalWakes Hennepin Ole vir nc seq eee he detodec sass csceokice V, 162 

WW Any CO Meera tals coset emtes tata on mea les racammancdss aan bond as sos V,165 

LANNE AAO sa oro calv sree ev Aces, Coc Pacee Peete ae. Neue tas eds Vi 1615 1162 

Siiae Mid LITO ALIS. 7 sear scat tcrya tenet nie chose dtvcvssckstkeedaseoshucohaee ia llss7i 

SEPANEMOMVA AT Cis Paps ails. vs seane: Jsessnaeraeuess cece calesecetosesve tae: I, 64 


Sebel etn. 0 UMass i T V, 159, 160, 161 


260 


TWENTY-FOURTH ANNUAL REPORT 


Wasioja, Dodge comity scs.ccvctetesecsy-+s-caghveseutenduoseet eaters IV, 105 
Falls vot St Ani tho wiysss-2e2h. dec doteeeeesle.0'ostoc:vesacss Bt costs eee eee I396 
Falls :of Minnelabias 7 sect scthegectecesnc odacenaceec evens teers eee LAo6 
Billintore Comat yii.2.5- 20s toons snes. ns chan sea eeopineewesss 20. eer eee ®.....1V,30,, 34 
Borie ditt Taio cdc Aicieh cos can cese once sooeetm se peeeb eee tee cones aden he eee X, 30. 
Bort Smelling. 25. 22o0) begs. st ssvee-seoaes con ap ipapnee tae -s-s5 21 apres ap teh ies yee Il; as 
Galena limestone, Dodge COUNY........escccesscessceessceesccessecesseensecenss IV, 104 
O7S (ae: | meres he Preemie Racor. 5.2) eer rmene epee at IV, 42; XV, 543° 
Grand Portace island: |... .2.0-5.tecster c Comper hint ane epsoesct X, 45; XVID aS 
erantte neat Lake Sa periOr. oz -epeecc-ns;.-r eer eee amaa-teeaannon> > =e X, 76 
Hum bolt Saltwelled cook. 05 ioe si gecets voavectetapat ces cua deceeasows socees aoe eee aE 
Jordan sandstone, at Jordan in Scott cOunty.............cccceceeeeeeeeees iI, 149 
limestone im Ramsey Cott ty: coc ecssi=. 0 2,ccsetenetos: sense cane «ocean Vine 
Lone lake towBurntside lake: .22cy.2.cc-<.<:-seceqeseaaes ss: eeaeeeeesene ees XXIV, 43> 
Lower magnesian limestone, Ornoco, Olmsted countvy............... IV, 88 
Lower magnesian limestone, Quincy, Olmsted county...... T, 82; IV38R 
Lower magnesian limestone, Shakopee, Scott county .................- I; 82 
Lower magnesian limestone, Mankato; Blue Earth county......... L483 
Mantorvilleciitirn. ccs .o.dennc ovsdacvsscnastenpseperses os oetaaeeale “xaeses -acee eee Lo? 
Maquoketa at Rock Dell township, Olmsted county................05. IV 474 
Ten aay oe Hermosa aocae os dogibeccte dss sautbeoveecs 00% seugesteees: tassaen 31a IE .89 
Ou? Appelle wa vete.2. 023 cshve. <oseeee seceseterer: 200s »sraretnan- aoe cigar eae IX 343 
quatry at Red Wing, Goodhue count y..........00....sc-csn2ssceosrenssssuas gues 
rock’at- Wittle Miaraiss. sc .xieck saccevectes-uoches tse casvesteo te eee XX, 63% 
red rock and’ shales at Fond dw Wacic. cic... J:cc--ee-ves este ss) eoeee eee Xho 
St: Croix sandstone (Oven)... i200. 0se-seoces act caceescrscnsve ont se aceteeeeeen TL ets 
At WinOMad ..... ccs. cseacescvsctudcooncdetca vaceeevustia te soceet stats eae Lae 
St. Lawrence limestone; Scott county<..:<-....52::-...0scssetersonsee ene LASS 
St. Peter, at Rapidan, Blue Earth county.....1.cc.cc..csccossespeeseeneeee Ih, i133 
Man Ka tO si oiceee.0 «co tdg toon dah <a sdebecets spe cdeneanes eee eee I, 83; 1,445 
Mississippi at Little Falls.......................0... cclet sacestee ee ana VI, 55 
Ottawa, LeSueer-county..<.......,-20-sin0s0cst-dosveeesst eden ea II, 141 
QUINCY 55 550. Nicene awn swe naconseb aetonmaci ark etraeck alu duastenes ane a I, 82 
sandstones of Houston county............... naked eae ae V; 34, 323eoce 
SAMGLOCK . 50; ovacevasccoes cna ddan settee ss sbeebs sondsaegs Suenos (aces eioes peas sae x, ao 
Shakopee limestone, Earnie? Scott county..2-<.0y..--.ctsnyscsuee eee II, 140 
Shakopee, 'Scott (COUnEY.\.. iris. iv.2i0s papevaes cenemspnene noe I, 82; II, 140 
WAanOnas. isos sins pustnerccceonsitcantugstdaesceserence tine htenet sae ae enaannn Ls 
Silver 8letiasatc.jseces dotdos sdoctsancesseaced a loapuccbet® a costes Geieagth atten ate taannnnn X65 
Slate: ranges at Carlton.cin......205..ssec¥ersendeepscoossceeQoesen Sean VI, 49 
Strata at Grand: Portage: y fivs 5. .se.cossnces< gitsoen 3a pe teenie eds eee XV; ie 
in the, Sask valley se. as scias. Cas saschseevececaanaveae aakp eek ean XIX, 102 
Trenton limestone, Clinton Falls, Steele Co.,..............ss0scosstouageut IV,112 
Concord, Dodge Co. y..15...,.00ssssacdacecn+.scosteaueunseypeeennannae IV, 102 
Farmington, Dakota’ Co. ,.....:..csssee0....secnaduess igen 1 Bs bes 
at Mantorville in Dodge Co: sii... 31. c:.seascsoeubpupskaeateeuenae I, 99 
at Mirra DONS... :0sssccecesesssaeseeeess oss ehescp saree emsnee eve V, 148, 149 
at Minnehaha. Falls.cic..:..0:.ccdascuascess+ssseyckeutyr salve iene I, 96, 102 
At! OLFOMOCO ycsyscssederdendekeprsbsuvvausnes desvewunutellaeeeeves bel aeennnn IV, 88 
at Pleasant Grove, Olmsted C@)).....is.:00ssdecere +s duscnsaie eae Leos 
at Pettit’s mill in Dodge'Co., .....ssisss..essensnssn> cep entire I, 100 


at Rochéestefiin OlmstediCo;, cucctsnctines-bivtertcrtaen I, 97, 98, 102 


“ P. v ? 

« ‘ iy ehthe 

.. “Sa s) ‘ , “ ez ae EY t 
FEL Te ND Cet Fey tg Pe Te Oe 


~ 
= 


4 a ar ¥ n . 
FE Pee ee ee, ee 


| 
) 


ee Oe ee ee ee ee a 
= ’ ’ 


—_ ~~ > =e 


— _—S <2 Se 


eS ee ae ee 


j 
) 


STATE GEOLOGIST. 261 


Ap ATI SCM COU MEY niaccase sed iica vuteccdddesencc css dvedes duu savettodi nts tex NIGHTS 

Aig Step AME MOMMY NALS 2: foes ise ee eeeeeseec tees ness teee eka eeioe ss I, 96; V, 148 

At PALE HELO MIN SCHOOL Gi poser wees cs teeweks arte occa con teae socks WS Silt 

Cetie talent rcnce tobe tens csc ansa thee aecs eet eee eas cane Hehe eee cs Tach etedeetuveds IV; 42 

VIS Willan SP ID a1 A oa eM a Cs re Oe ee AT EE ee eRe Cee XIV, 348 

PANT ESL Th eee ne ce: eet CRS heb; SOLER docoan cceee cease CVE AIG 

TEATEE U0 VEN {6 (B= a Rena org Renee alae ee ANE OR A ara a ep nes Oe Wad 

EOWA SEGALL e Wiac Sach eae asecenctadecmeleat conned ads aaebes uae toncenne DOA Zt 

TBE Bare eS ir I KERR Somos ag BSc oe Seo ae none Beek near ea a Soli = 59 

(Carian ol ie2 ie Cys botereneaator cheer Dosen nee er bce eee ieececcree oeonecee Valea 

CG aAray GG a cose et eae eee os our ea ea a ee VI, 24 

UCAS Cita OS Werets eon Sane eneth a ioc osaahieeeeeee ee sueieatnaty ieee ee conceee dee uaass XO SG 

EMG TelIT tee ee coe. eee eee ccs satan eee eet ae ge Saks ARLES Meee Vis 29 

theahospital, StieyRetetsciccet eetesecccesee eee ek seen eosaemo ones DOE 3 

Ebnrmbold ty Kaittsomc o iic.cscetace eee nee eee eae XII, 45 

Lakewood cemetery, Minneapolis,............... DOLE SOSSX nV ele 

LGB CEN Cie BR oF couEREE REDE © Sooo pseCOL been B shoe ee ricu ort DLCOnC RD ACae XII, 58 

J FSG Kot Bs Rei: Cn Ne Re aan, i“ PM oe Ce ern eS BD ya XMS 2 55 

ING opera Vrain Oz ee Oe Be ee a es Rey ee XIV, 14 

BONHAM AP OMS raetsene /sscscsat beeen te so tate Senet ees ee aoe ee X22 

MIO OTe a di eetancscas bs clade tadsite ais nate ees ca icc soaeneaee ea euna et eres Vion 

REC Wilt O28 cee eenc. flac cco eed eae remain news Acececunnane haces SLE SF 

Rosenfeld! Stee. A she co eee reese oo ee ee eee en XIV, ats 

Ste EPA aes Cemeeee nak uses tu oet meant d wea bona e Newent Soa et Eee ra naRe NS He XIII, 60, 63 

SUGE Dye DN Cire csce secede poeanocd mob lsdoano sob sues stocbeocetByearase: XIV, 15 

Statereronmescho oles. 20. c eras ee a Wats weal 

Wally of the On” Ap pelle tive !s.50 71: caes- ovis secreate ee teactesemeees IX, 253 

Wes tylo tel Mitnieamolistec-srtucctsccreecceteeteess eee. casters: eV alt 

BUCO Hel tavaRETTIT Ga eer ae. sce eavsehcceseteat cca dan tensed ccads costes Short peat toc Sreadeeesstexe ends LO Gera @ 

SEC EEG ACA ail OF a EB OKO) Can seh eae Bs PR Mane Rae EOE BWA RRP ARR DAT 78) 

MMI T EA TayS Ot Peltte O fat OCS =seseans oe he cscs eae ec sk coeaeac hase Ssacekcs deaua tance sarees sce XV; 193 

PONT ESSERE rercete ccc tt veea ce eee OR ek Sete ET OMaL TEE cet en eelaiene teens oetseten! XV, 199 

S220! ETRE 2 ohg. sagen sea CR EERE Ria aca cB Sees oe Seno Pier Pe BE era eal XV, 142, 144 

SSIES LSI EIAN G Mip oP g a AUae ors vlIl f) [ames 

STEVE T AO OL CRITICS oc, ciate coe eee ea eta sces Seo eas thee dA ose ENONCIT Lean ile 

(Sia) [NE OVOra Ls 2 [STS 0) OLR Race o oi at ce Deeee EES SEE Meee nA ONG UDG se Neonode OMT Act 

SSMS El eID) ran AV angie Cv. sa yvacs er terotscuchsecel VINIS2 5 eVT,, Tex, SO excl 4: 

EXCHESIO NE WALN UNG EIcuWWini Chel [Pr sscs esse tecece ccescsiae casket eee nee OVS 55 

on Emmons’ geology of MontmorenCi................ccccccceceeeeeeeees OVE evel! 
Separation of the Silicicfluoride forms of calcium and Strontium by means 

GTS EM LEIA C AGCIC esesee tect oe nee UN ea oy outed tks ee een ete SOX a2 

PRECIO Kc AGBAMIS EIT cas 5 sone ee Sk Ra ee eee oe aia eae VP NP ERY pian ar III, 176 

Sericitic schists...... XV, 174 222; XVI, 256, 308, 314, 97, 316, 351; XVII, 68 

Serpentine group.....ccccscsecseseeesees XVI, 50, 343; XVII, 24, 42; XVIII, 190, 194 

Serpentine, regarded as eruptive by Emmone............0....:csseeceeseeeeees XVILI, 74: 

described by Houghton,............ PRE A Genero Naren cieiae sos Saree Ame XVIII, 89 

AIMAGS ACHUSE EES eno rasa tes we rcewe ror cece COs SE Sao XVIII, 92 

Original, according) to EB Hitcheoek,.14.\seeeess- 2s eatidce Ses seeee XVIII, 93 

POLE EME a tireNi Liane tes cee ee esas craves ROTTER ee tae cescdecu he XVIII, 128 

TU OLETIOL UA eae ens oc tenes LenS cas OEE ono, SEEM oe sae XVIII, 159 

Atay Cache cs ete eee orcas Sates genes a taeainln o peemetad 42.\c ay asaha ts 22 oe X VIII, 216 

Sevier Co., (Meteorite)......... core R OEE MCAS CoC SO OPOR oO RUC REE ES Ea DDG, alia 


262 TWENTY-FOURTH ANNUAL REPORT 


Be WEN Makes iciod..ccc5.stsesescbod banc atvnved te gandas cutie eee ties fs v5 scat ae ee 
sHakopee limestone; at Shako perso. .<ce,-5.ssnsetenee lae-0-ph sek, oon ee 
DG ASE CONUEY 500s 3 genes; -nsoynvndh ove OA We REE wos soe Bec oos pices ee 
PUM Ore COMNTEY 25.05. -n5ss san cencnss Sek san Ree eoeen wack tpn toe ae 
Goodhne county. coi siscse-s estos ee to ee 
Hennepin cotiity 22. ont. 4-2. Sasyabe side ak gestetesho- av'asccasorbeseeees ee eee 
HO SE OH COMTEY 0453/50 0- 220% s+aee vse veds sup scoseee rete nces «oie sc btobcs< Re eee 
Minnesota valley cy..:-+s088s-s2-04 II, 138; VIII, 106; XIII, 145; XIV, 325 
reyision of stratigraphy: ..... 22.4 -cs.2- Spee tweens XIV, 325 
Rice COnwty.: 3. Fon eckel da. «nha ee ns oes dag ive VI, 120 
CELEACES 0... cS Ne ces esgoe ee  ae Bes | dixcapsti aces tiaee ee pee IV, 60 
Shales: 
Fillmore, COUmty >. ncpo- ico eee aes ns eaten eaeenen eee TV;..3e 
Olaisted: COMES: 52h prone «coke ope dupeece «Seana: ees eae: Soe IV, 493 
[Ramm S@y. COMME: .<25.cedyecces sss cosas teres on so¥-s0 See eeaaeh ogee toes Seeman VI, 80 
SIEE ra 8 1d BY | (aaa Aone enn ee See ent, Pr Pee | aoe XVII, 169, 174, 176 
Srnptess ts, 26.25 e noes 0 rodney oe apoE eae eee aes + 2: da eee: «oh ee XXII, #823: 
SSH Wy TEMG. 25 ca con states cc caice sg os ae tetas oa oe RAO oad cs ea ee XXI, 79 
Shebandowamn lake er..0....2. 2s. cae ont ses Se eta ee  ee XXIII, 147 
Sheeted structure of Sabbros, 250.0 .-c.. sos aeeeeeaene s+: ace ee XXIII, 230 
SHSM anarl below: Peat svs..2-..cechoe-nnssnacuryuneeres wens ae sdves Meopeietentes beeee eam It nee 
MELTS HOT AES occ eee wd oe a oaee ae ne ee ee XXIII, 202 
Shelton; W. H., donations-to the, Musewmi:............c....0ces00ssee0ehas cea ee XI, 183 
Sneppard eC, Wes. 2 esse Aes. oo ssdeat hess bea asets teeta eto Ss sac de woe eee ee X XIU, 154 
Sheppard Forrest. ......0-...cccesoeos.cuseesess0gsquetectdoesaserseucalesedieoeseendl, XL iain 
1 i{eyel OY 55g c(h Oo We ee eee ewe Pe re ee eee EELS TIRE Re Tet XI, 110 
HPPA, I AMIECS i... J2thot onnas busy havea aneee nes taitena Seek ee ee XXIIT, 141 
SHIOMIENCS OfsttLOti OLES~. .s cies ora c eat ote ee XIE, 35; XX Seas 
SS LEG YEN ALC ahr Anh eee Ene Sane e SEE a 8 Set XXIII, 58, 61, 64, 66, 81, 83 
SUA CN Oat Lyrica OI a waz ce reed sc tects Se Bastia see seeaacce ce sue eneeer Tees ae XV, 147: XV; £86 
SSO MAG or San ee nyt Bk Seems cbeseeus Sashes octbene obec oko ee XV, 131 
Shing wa keislard hie. s2 se scagn. Souccstees cece opieccn saath dace wee cena se eee XVI, 105 
Shumard, Dr/-B. F:;,0on the Lower Trenton. 05. .2c5: 5 desos0sanecusesestee eae Vip tn 
SUEVEY Dy l5.ccssc.. cates crontecoasecess sovososvuntenvance sae tuaceseep epee tees Lee en Il, 1307; 
Sibley, Gen. H. H., donations to the Museumn..............55...-7c0ntss cee IX, 183 
on the name‘of the pipestone... 22. \1ciwesos--essioases:0e7>-ceeess7eee eee &. 4 Bangs 
SChle W a yale i ow hak Bes wed rao eee ee CO IX; 57 eee 
Sidener "CoB. ee detacncescoodeceseedtyiencentep sea laes slab pepeee satan mains ote ma ee ean XXL, 478 
assay of samples from Vermilion Lake..................-sescssene-eeees XVII 
analysis of brine from a well in Kittson Co..............cessssseeeeeees XIU, 43 
chemical analyses by.....XI, 177, 180, 181; XV, 424; XVII, 80,81, 
90, 97,126,127; XIX, 121; XXIII, 208, 204, 206, 207, 209, 210 
SUG MALE «eee ahs cs Ssccbucctcadoateumh Soepeesuns eeetaee in tess Corer eeeeenecaas Rese iae XVI, 41,71; XE -2s 
Signal'service, métrolopi@Al notes). iiisds..:..5..cteecssesdcech sass sh tamer sectenaae erase Vip ae 
Nilica‘ofthe Vermilion miinies. 35.5. overs ines sos) .cqeeeaN ips epee XV, 220, 232, 244 
Stlica-kaalin, anal ysis Obs. ..c 2h cecnpres sak cassis, Oaacew Ae easeenae ns Wee re ot: XXIII, 210 
Silica’ POwWesP, ANALYSIS yi. .esadetiekssnagvondecs cosas lisv9esyuost esc. cunteebnaty eee XXIII, 21st 
SSI CEA CE ELOR yp sss conn divgeteeve rc dokg May tae s Lavaet ss anes vas0> SRNe pains eee 22a EREE rene XV, 198,, 246 
Silioicilnorsde, Of barat risus sien. bs -ccbavensntvebicy»voveheuntayhhasshevqeuekiarays atten RIX, soE 
OL CACTI «cs cg sya eiuss'crsabreahintass¥upay cuyinelsspuyaphnns os \¥acsenaee Geet swee sina XIX, -20 
OF ASOD serene vn vente be coded puenethaey nbsh apres ab ask SOMME doe i's Vos tention XIX, 22 


SO TAR TYEEE des cceuseys seed gudtacacestiepervsbes seven nCuatuas ct0k a Bake hen eaeaae cat tan RIX ws 


STATE GEOLOGIST 263 
me PEN A OTLES IMUM = ee teeter sores. eekc Nests cncanas stants ceesdesadnoasoctse seest ate XIX, , 22 
MBIT AM APES Ein een erete. otha ac ear at este niwenshoeecsaacagassans sacs Staehiectitse XIX, 23 
BIDS SPOS Upl TERE ae re tee ec. voce eSa accor aoa acane aah ces «Sokenpnapnnpe aces oobeciats DD Gee ally 
SUSI ULTO TG Oieareccsmes en cea as is. cnccconaces “tag ssee on taht ansnavsceeconsavustas saadeite XIX, 23 
CONT Sova EN Ta = Sas ee ee ee I Re Od RR a Ee OO AEE ad LK Ps 
BMT OpT RE LRLNTN ee omens Seen cas ce ee cata cena Sh snee tener Gals hae Saban ev sues necewes has Xe IPX ee Dal 
SSM SRC REET PAA TTNETIE CLE? soc s score ee aha cosa se eect lea casct cues sBuobacasceasewets 9.0.4 B Kae. .< Dg aie 
SMTA MOSSIIS) OLE OWED. sete. cess 20k Gee wnnasssse-eceancdescececsensease OOS: EXON ar 
melaphyr, and gabbro of Lake Superior ...............cccccecceseeseeees XIX, 114 
“SHIIGGIR. Uc ssrse dete blbocce CORBA S ER ice sec ROA Casa aie Ros ar VII, 14; XI, 12; XT, 143 
Sxmorarorineat Maylor is: balls.) site scde once. soddecsceduvonscctsqsclnecees XT, 136 
HE Aisle ACIS CTA Oltie..s.--ccssececdarscccescoseececesecoes VII, 14, 16, 18; XIV, 319 
SOU Im OTP rac sone dol iscsi tert onn es ccssetheareesnavssapseunes REV 6S. (2.0297 eV loll oO, 
MOT Pee a a aes a's sg eee Orden he sabe aM te teme Sea cm ea uedacwenandeeee EX, 28; X) 115 
Heater oe ie htc scenes nance aduemenBeneasné sakesteetanweneess X, 54; XX, 266 
LSE A TANTS SS Fe NO oO SA ie AC aN ng ee a ON ee ee XXIII, 144: 
POT EROM Mi IM eT SELIGE selec. <nc-5e ceeteeentces asc cetaoweesvoneneteeteeees XXIII, 145 
EEEES MCISCOMELICS Se. on wo sores eee oe eT Le Mae XXIII, 143 
ERE R PIEVER LATO AL Ons Sa. cater ccd cnn aeaee ss Saco naa tapanots obs vegea dees suemaeeaehake II, 179 
TIGL ONA Ken ital ol C0 ene aA ao oe RRNA oe SE cer REE ap TOUS Sov oes 
By btaagA SC TIVIS LATA, Pesok ee cecae' «2 svedtee dullek <p Sunes sailce deose eee cecescdmsuss vacua tdesansuencny es XX, 271. 
Sal ETE OES) aoe S se ees SISA aI ie 1 SRD PRR Ee erg tt oe op Roo AUS WR eee AE Vie 21 sOnt: 
Shouse JDAIBS ID EW Roy i i enaneeeeer a oacccee ee eeEeneacsoas cnet LEGO SX ZOE XI Sie G2 
PUREE ERIONIR Pe oc ai vas eavatme stocks sx Sonecaketeseoe seaawaedeudh cuerseactdasdvucvuan stides ys see MNT BALD 
PM UXMOREL ATU ZV, LC .es 030; coondeaeceedianenss sscacsessehesnsaveesecucess VI 9954 Ox Lio O amc 
Sretenrancne «cology of MinnesOla ....,2.schc-.-2.cceseccsoreceesstosncetesacdeseostacash- I, 64 
Skereli of the coastal topography,’ Lawson... 0... sccscascevothossseveeceoeseece ey LOM 
ce PEMOIBES TILES: We OU U: 2c. ose tcace ct sscosesreceehescasecgeuescuoncos cvactaccenseace aathoreesee Ne NOL Gh 
STENTS. Noo! cade cau COSA aE Ree Se OVA TOT iS plush OD. specail leet 
conglomerate......... MOV, Si, S97 161; 356; VILL 54.5771 12) tak 3. 
123, 130, 132, 194. 
Gia MAS Ci terest: sapczacowsesceteees Banaue aastdee ok aetidec tastaegeatt seecestent XVI, 161, 164 
VISES Seen net Anat ate c Misa cacidee iow oe Se feetuach aeatene cued Susteewoeicvcwsuenncds anaee'e XVIII, 172 
FOnmMabionr at, Mekeq tia DiC Take: visscsieverscesres- teste sceceasscs(izsseceseees olan UO 
ace attlesmaliss Morrison COuliiiiecs:ostccsescsesssteceet Wil Oe S45e96 
HFAWSONGOM .. «cece ethoeceadscocetevscscececocdts Suatacscsardestschcecssncastcarcussaadek XVIII, 209 
AlortoytheuMiass hin) Morrisoni@o.....7.c.ces<cc-c0= seer eetenceeacee sosenb oes DG hs 
Giaches OL Dietz and’ DiS ank:..csorscsocesecascteteacsstmasesendavencclsendese EX 29 
at Thompson, near Northern Pacific Junction. X, 191; VI,48; XXII, 121 
EP PEIENITSS! Re seauctcsce cance severe soars whos’ coat iessecivases Absuaecevsdaosblandtse XIX, 93 
Sea CLE Ayia Ce CLINIC issasnens co nact vs (see motte ss tosves seu abaas sete coente coseceeestooeriet XV, 263 
SHC CVE VERVE iat aa.. ccnsacocteidcwsertaspacedtens cagdnaas «cn sicccueroeseromset ened: TEASE RCV Sess 
BME ETI LES epee tence cis Se et ete oe Sica cc Perea Rea ce nt ceevans boc totet autem deeseteyecRevONe ss XV, 270 
BIEN IEE Eases, aene 2 dct bere teviade «0 <hbaseemeccneees cade sus adetcis encue «sax dusad ca @auboe soedco ss <ee II, 89 
Smith, J. Lawrence 
On the Meteorite of Estherville, Emmet Co., Iowa.................. VIII, 176 
SHE ravi es PASSAVWON GUAT LZ succes ons. 00.200). eee teaeca secs censestensenee Valea ate 
Serer hry (S.C. omni nie... .2 ages svete 2: yetans fans hres LA XVIII, 172, 193 
Smith, Prof. H. L. 
hist.Of SMPECleS ANG SOME NOLEGseites- cerns ce fcos-ssccsgandecsa ccs sesnenes- XX, 290, 293 
aid in preparing and mounting diatomaceae.........cccceeeee XX, 290 
BHC PLeparationvOmedilat OMACCACI De: cdsenesovscs cepcde-oseeescs veomwse sane NST, 


264 TWENTY-FOURTH ANNUAL REPORT 


Smit; (Co: FeO yie. Scrted iec.2c.a ct ssneteee2s2esayasphccaueacesccese ss cabsnettccran see’ sae XXI, 100 
Byrn Ey choo oes ocnns sense Deed p seeeos ov eve ceneneye SeoeeeRenp ec cok au eb eet nen ete aa XXIII, 40. ~ 
SSist is eS Guat aera icer Eye ee ine em a strerr yt: «f° Uy eomeppe Tres ES so XXIII, 135 
STL EH Weill ACK cased cates sees cties oy eicosstae doctors Meeaeen ae? 3. CaceeCere, ee ee XXII, 37 
SmicHisOnianelHSti tH tio = e.c...+h once coco ee ot eee 3 XT 165 
Smyth and Finlay on the Stuntz conglomerate......................-2e-s0e00 XXIV, 12 
SHU GORIN GL: cant ics tertenatoshieeet ee oneces Sacseeonatee su eaeee IX,120; XI, 12, 120; XXII, 26 
Snowbank L......... XV, 124, 175,177, 184; XVI, 331, 335, 337; A Vile 
115, 120, 129, 144; XX, 60; XXII, 151,179; XXIV. ix,48, 64 
COMPIOMICEAEC. Foca oe cccoes nae deae os Dake URE ee sas so oeee eae nbn el eee XXIV, 59 
SLANILIC ATCA ONL. senccs soc es eo tane vane nts -osteepee a tnc oe snwesercne s+ ese ae 
portage from Karyishiwi (RUG... 21...:zpagtec.se5p5--soteetassesssce seas XX, 60 
GeESCHIpHiGn Of- 5-5. Foacscac-sssosteneacekssccues SRememe eens ver aastedeea385a5rcaeeeeeaamm XX, 60 
TATTLE] Olnsseenseses eave ce ses waredee mee taite «02 cdaeeeet te atact ad neeeas ne 2 ee XXII, 155 
SOA puto. c.c.ck cas cece aee cent eteads. ceecosgestemenand: «ne. DSMRReEnEE: nthe seeR EER SEaaE XVI, 175, 180 
SOA PVA e ee 555Ssoact shposcccssdesenss «> svcsagtpneeesccss85paupeseetecn conse debareesacen XXI, 5, 33, 41 
Sodis mot exe tine dts so: «<..0. vesteecsvs--- Meee teo ncn: cco ee XXIV, xxiii 
So lhees WJ, CLC eS oo ao. = hehas ec oogss suceteemtee ss ne on eeeemesseuatanes te, cee a XXI, 42 
SORUIS; JOSEP +o coserctec cee np << othansedess <ccedeuneseapns is s+ papeceMteenat es coe? Cee XXII, 96 
Some ‘problems of the Mésabi O26 ....:.ticce sos x0s00e-Lascesetaageeeasvanaeee oon ee XXI, 134 
Some necessary postulates, Mesabi iron OT€............:sesccececeseeseeeseereeeees XXI, 142 
Source of theiStauntzicomel omerate,.<....sscsessesses05-c= ee -eeeeanconse oats eee XXIV, -82 
South Saskatchewan river, boulder clay Of..................ccccssccseeceenaceteces XIII, 158 : 
Seattle Sac ee ee areas ed fe IX, 80; X, 85; XVI, 272 ; 
South Fowl Lake......2i22/4.2:606s.5- IX, 74; XVI, 284, 356; XVII, 144, XXIV, 31 a 
South 'Siek Weakeli::2.c dee eee X, 103 ‘ 
Spalding, B. B. Testimony regarding a find of alloy.............cccceeseeeeee XIV, 324 q 
Sparry limestone of Taconic. .2..<.c.2--20020.-.0tes.cee sons sevstebneenseroersqeeee XVIII, 75, 77 
OUNTELE soone ose -c Su> -occancteckastae peoksvescien Socneaepens anode tas eared XVIII, 78 : 
VTECH COCK O15. ssscdehss swevcocs dopsanecss > <ccoks <oave pa sucsuceee ies kenmore XVIII, 99 4 
SSpoctheb te, W.. [Piz sacsagansssosupsoducohoodentackcecsssasSs i Povo teneky onset ene aan XVI, 284. ' 
SCOR ILI W gee konee rat vsenceahans ROK SS: XXII, 59, 60,62; XXIII, 154, 171, 182 ; 
Sperry, is. Be \Gealopy. of RigeCos 5c eatebats ant ances sere natheteeee PHBE Fey VI, 114 J 
Spl alerite: -.c.. co.5.h.aiseeedssoncade@lacomsevwdenssnaene sunanssaseaqntsnvsds+Jasnes sere er sean XI, 15 j 
SSrole Sorted Soak insti c ve ustinw obec taenabps ckingadly dnp cosercersehs sey atv abate naan XXIII, 202 ; 
BSD ITE ROE OIE ie cack spe tsar iota diane co. tons oReaapie paren etaaes X,114; XI, 21; XXII, 179 ' 
TEGO fics. 08s Eales tepehhcrranthonacth Sanndiagive pegercust verses sneer nenee IX, 29; X,.39; til 
SOIT CRIS, 5 53005 5s shane hicca eon’ oa soncneny tet f-cusneacanescendoneateev eg ie=ghvits= aaa x1, 9 
Spotted Rock lake 15... 8 csciso.cccdenvesddescososceuederkecntrens synrtsl coe teen X, 102 4 
Sion lakes «26 aisctie iets eaten. odes XV, 143; XVI, 109; XXIV, 98 
OCA, MITEL 2.0.05 teens gov onssbeptt -wiaaps-annssbn cheers My tes hemes V, 198; XIII, 16 A 
Sprig alley ..:csccs.soisvecssnessavssnesbapetedasines rocvatenahapepneesas clamamaeam IV, 27, 56; 60740 4 
ST OD oan yv octavian i eve PEN ADs ie AEN XXII; 2-4, 48, 54, 71, 72, 74 121 } 
TEPOLE Of fc 0050i2cMBbevoengevescsutuast Aasesnsstaoxgeinpnarganine) (nen eann Sen eee XXII, 115 a 
rock samples collected Dy........c......scscssansscsuntesscoosasspsncospuaeneees XXII, 125 2 
Squagamaw lake....4....dh...ccsosessessosnsonsacesoesesonsunauausansessoscstsegneen saeseevinineae IX, 109 F 
ES Ae is, COs. 5 XV, 2, 271, 275, 343; XVI, 75, 99, 222, 254; KXT, 80 
ASSIBLAUE 10 SULVCY sis veckvannns sdvecssysyess><cgvearvccesvcvess \uameneNe XV, 2 eV a - 
discovery Of Oxide Of MANQANESE..........scccesrereseetrcrarenseresescoossass XX .32L Ae 
EXPIOLAtiON DY........sccrcrccoccrcsscnrcercecsescesnsntbecessscnensanseesccessenesuanaua XV, 297 ; 
ViSit CO ION JOCALItY...065..cccenesssaedessssesvapuoscsetecesocscedssuven sens raNEREES XV, 343 r 
Observations MAE Dy......./scsccscssestonccesesscnsvrsecccsecssspecesesscessssuen XVI, 99 


4 


Si) > 


J 
7 
F 
' 
‘ 
4 a 
i 
P 
; 


STATE GEOLOGIST. 265 


result of exploration north from Gunflint L...... ee. XVI, 265, 266 
MOGI SKELCMES Seen dies oof dates accents eden ter dt a eet eas dee OV 27 
ECM Nise Beep Ne StL AS let ON Divs... cneec sn casve¢ cdcccocscs cv vdeve conse sevseacendes severe OX ed 
PAC ANIC viverieccescustMactees- chs en eel eps $e XV, 150; XVI, 101, 344, 346, 347 
eee a AEN rd CLAN TROL AGNI sas, «1s culs Oho a cas Nesduaae eveidge Sen asenasasodetsckcsecuvensasst oes XXIII, 193 
pee N Pe MANT ALPERT VNC! s..0.2 ceded scope sesdacCcsaccenssonovdcessshsectavadessesenmd sees ORT is 
Bisel rm ea ea Gneeeres eceeecssaee soo toee to ee tes catenvuese tiene Canstcvoscehtetaddawenesensteds XVI, 275, 276 
CREST) CEREALS | 05) A? “a eo PEA nn Re 7 oR 2 X, 54 
STEIN T (TTIECEOLILE) eo netor. «2.vectacdses sovacethadades sseasvt ct vesoses ueccescaatepeeceetadse 7.2 DS 
State Park, recommendations fOr A.......c.cccceccessceuscesceesceceesscessesseeees DOVARU EE a 
SAraOTAL CN TIN (IMIELE OT ILE) ecoc cas. 1 oss deedees kslecs Secuntetacaseecse dad bee ndctderen ct snen saeseeetee XIX, 178 
(STRETTON te 65 a eee Sac Os SR CORO PR ARSRS § 8 Sat ace ee eet net aca Weep Sa MI 22 
RernetetiIR COLNE Yi c. a5 vanaedcs= 0s Se dieeas ce ccnasceetecine fac ccoee eae ehe er estaccet ena etee era XI, 103 
PeertEt EE AGE SEL PEM ELME=-2 2... svesverene- cs <acBtaetetesaeina aunt dxadocecnesdues XVI, 157, 159 
BAER Ov rerai ese csccsddedsstseesssstoaedsssicascdloeasOdstatpus) dootsncedsavcncssautuoducareseacos XXII, 34 
COLO iy 10 feess. coda cee cassouesa voto teae st oe mete once Dos eee aes ac santa Sanaa c ouSPE AEE UE TT Sees IW 1Om 
POLO PICA MAP Of Wei wes cocectwotetacche cos sssaeteetans songs thea oetodeess IV, facing 106 
CEtii tale MO LAIN: Doce terres ecco aoe ee IX, 294 
“STREET B BC aE cece SAR ANON Peri y MRAPRR E A Bi EE LOC ss 
SSSI OUNPOKO SLE SS See yn ccs ass Siacae see ews saa es Gan tes ctnrdadsehna sac vat accaeconeraeetee eee XVI, 25 
PRR TATIORE SD L1G CLI Sie -52 = £2 in vs Sete sco 32 Se estegen Maceo egetumreeedacsnncesdsanePanctas snares nel; 68 
AECL EANDLIS oes «sees Sake ka oan Eee Sogo RE ee a XIV, 66, 67 
DALUME As. Asi: codsecevechs tests. vietetecdseb svesucuatdcssvaccoudssasstBeveesccsedessmecte ees XIV, 96 
RISE OPOLEMAN AT SC ULAIAS se rcce coeavanccresedeconsoserccsett tenes ccsssepuavettes tees oeneesee esas D.@ IN Graer (a! 
CLD RO SAR v3 < sci he atet ces cas este wess ce tee eS dou de gitee sduau rch see aesem aun dete sone saree XIV, 69 
| NOON ANG U9 (ee ye PEE AROS ERS ORR aE anee Marten ania aaa te ae TW aire 
BREMMNEE eee os on oes ace guine gn Ta sed cees ae snst rane Deceenebadedbievuctwectnecwasccude 1X, 29; Xi, 24 
Stillwater, chem. analysis of water from deep well.................2....-.000+- XE, £22 
discovery of Dikellocphalin 2c). dcpos..c.hecedousdaccseacces scence ctssssteen ee XVII, 62 
SEOMIC: COpmenr atid mickel Mines abs..se.0.sc-.--ssc-c-Soseeedease-serees=soeaseestere XVIII, 52 
Stockbridge limestone in Taconice...... eS W345 V4.0 XVI 75) 16, oon 
HATECHCOGKA OM. 22) .Sect ste. sessecbatete etek Re UREA aan BL marsh 8 EL SVAN, 39 
GROVE | OLLI. «oa ce ereree conse seat vs caesas tea ciacae ssaae cocatonesdeasnciancnccou he reenge XXIII, 154 
“SLED EDKE SM Cy Sy 0 ool ORO eee neg ye Co ea R167 LN SVs MO) 
ANALYSIS Of MLO, OL ESscsconeccavstcesees eae seo c1aeeoads teach asssedcestevacossensest XIII, 35 
ACKMOWIlER SEMELS, LO\.csc.cesi disieec sas enoce sacl eeioheacees ste ccse ras eeeese Xe VALLI 
ETC Ph OMETILITI 22s deste voce sdce aes soca es teeee csc encke anaes Refi ge B Amey 
CHBEELS TAN GLEN bata conceit e a heanate eo soos ad ee ctheae theses ase NESS 
ADMARIETS wIVEMOT Ss NEL TE sttesratss: sere oss tteecae sess suas evcdtse neste tseeerceee ee X, 54 
MINE LOO bi dist seeker ate teedsasccess cana eave iicnal, oda bachewcce tated MT, LUT; XX, 48 
S/ECHTN Ta Rice Bee SRR cr ce cn er SSRe RACE er ECS Panera aEE ry Raa ae i XXII, 142, 144, 148 
SEOuHIG Ore Ala Cla l, PETIOG A sc-5.sscecCuetes <ovee= os vescncd oecssccctecee ct edicosraee eee ae XXIII, 183 
peter ate pea Ost oy Pas Sees nates fe coks ese ee es rae ws ees oth seea tet taca tos coe aame eet QA eal sts), alyial 
SLE REAY SUE TORS) Paracas A Crepe ine re ra eR ea ta ie IV, 108 
SETA Coa reyes CHEIMIIS bigy sc. baeceeceates ol tes co fens nc Gacaey stade oct dace ot oaks suck epee IWeet22 
Stratigraphic geology. 
OfpcentralWitnnesO tay batucctves+-scciee+s-Pecsmencdee! ¥,<seepiaeersccsweeeunesce Vill, 97 
Revision of the Cambrian in Minnesota...............c0..0scesecoeeeeeess XIV, 325 
LEAL TIS*O1VEeSA DIsIL OM OLES:-cssetees ren eeteae o> scott eves sooner ee Oe ST 
OMEMESAVETATILTO TROL ES ere err hac eos Seer oa doe eee oens ds een real PRON OA 
OehacryStallinest OCKSAM sae: foceceee cs seem tee oan ose ke peter aws «cece ean DV AD 
SrEAbiOLA PliyaOs LHeMMICSADT tecwes sends cieedises oc -.<coedanascscacvovestoterscsvencues st ose ».@:@Fa ea 


266 TWENTY-FOURTH ANNUAL REPORT 
table of comparative: 2.0505. -5.0.ceacpreets e-Wemgeenngteaocorevhonkeres ee Eee XXII): 4 
AL SPOtSdani Ns We.c-Setverseccosssonsveecs encnetbeceeeet cn sso accsecdinde: ve zemeaneae XXI, 109 
OF MeSADI Vat Ve Lt ese scie<s-- 500 0soacsnn ane cos epPagtlee aes vee asaeee. scenes D.O:4 Fa bE} 
SEGA gen ascetic soe paaceacts Sade rataew oe ss eels preteens acs Reeeee BRL, hav bentecers XVII, 169, 173 
Streng, A., and (Kloos, J. H.) 2 
the crystalline rocks of Minn ..2. 20.2253. <2--serceperent>+-- Aiaareess orp ss tsk ae 
special description of rocks by Streng .......0........--.cccseesoroesneoware Xx, 28 
Strength of Minnesota building stoness....-:.2--:.«-<ees V, 462 XH, 14: Sx Mie2as 
StpepOmia tide. ..........0..csssesccesepesnssaccessresencrscnsesnaguadgaessnns+etehasssoancnaresande XIV, 124 
Striae: 
courses in the Minnesota valley.........:...scccssccsseedessceseeceeeeeceeeee VIII, 110 
(elacialy.table ia Minticsota.... ::.<seccst.scs-cecageageees act ooh opr -Cocagenead IX, 293 
at dhe quarries at Minneapolis. cccceccscaccs:-csaee te one oeoy-<oaeor an sae tae XI, 137 
(@lacial) of Sioux Palls;WakOta,--eo..-c---.--ccnere>-penereer ete ae cee XI Sos 
MVACIALS, coecsenscseeree XV, 188, 385; XVI, 113,150; XXI, 75; XXII, 34 
BEd EER ok koh abot = SR torres oak dock aha esc oecomre Meeee so «Sat gee Ce ara XXII, 197 
Sa TeA NG SSI e ure cc <a a Beas ils» sl donee phe b= nu pelea nose ae emer a eee XXII 197 
Sybitice” slelitietl 5; 22 sac0Sisscccet chen --necsaccdes-»5 025 ccpaaeegedas-s+s sntaseee eene. teak eee XV, 264 
(SYR yey] £05 00 (Ss 0 pe ry See Rae CPPS Cece Emcee >. Daa CORE odio meses Sao 27 IX,118 
SE IC EEC ESO AID NEOs iets ee eed 92 2s aes saan oy. cea tenes. von: Seenee ene eee XXII, 224 
ashe Coy SEAMIGe ROCKS ..:.taserons «2 socdappemeencache™ >= seobaar rae XV, 190; XX, 16 
: Oke PUG STECUSEGUESsace-cn..-0 5g 2peacan cre seaeeatinereeec-<t sop Sun dteh saan eee XOX Ty orale 
SEI Ge, AIS AN 5s von sce 7--ccncaaeensnascasvanuas shuren Toalsasystanecate> o#s<tnengeher carte eho XY, 314 
ifvoyshashherop pee etic: LUE ng cn er eee XIII, 27; XV, 225, 258; XVI ae 
BSP ATIGE Se ceks notect ot bonses ser -cteowees cask canst ccnee ane XV, 22,188, 307; XXIV, 1S 
conglomerate......... XVI, 47, 98, 175, 176, 199, 200, 203, 348, 350, 
XVII, 24; XXIV, 11, 41, 82. 
SPAM CO, (Res aatactcvacrsosssoses oncteceeeeer XI, 167; XV, 217; XVIII, 38; X XD 4s 
SSE ENME MED 2 tiation = o> a. cn oe rawses soonunasuenscnhqaunarsit Sop aeash (a-t- cera aoe XXIII, 130 
Subsidence and re-elevation of St. Lawrence River basin................. X XM 1.56 
SD REET AREAS GIASEA RES 02, cone oc co conatnin snes auntW eae acrcosdeseapaceps Soak oreo eee IV, 22,76 
Sos ChE CAC ec haak ce hcedieo Shak on nae aad Gotc ce one dle soes aouee see eee s Nev ah Oe acemeeanee saa aera aaa XVI, 490 
Bacher DATE cee ci ao ciate i ees haben net ee) tone Liane IX, 24 
BS reteete WALLER, cocsucei tebe, bev. sens ct dnte ocr oawh se= =n <aanberec te deads y+<> nae eee XVII, 149 
Sucker lake:......:... IX. 87; X, 105; XV, 120, 140; XVI, 196, 335, 347, 358; 
XXII, 22. 
ESBS IE TIORT Epa cee lso ra nada konto sade - oatbaden Sat cendasn'onvn nna Sdieticen natn ale an ty Miele seee team XV, 279 
SAC EE FAV EN so. ccindescteso ee connvcesbunces hace stabeetncstcacsdatnuab suede seeye hen ghaadeees erate XX SRG 
Bricoeity: Ontario. «..aas-622, secaccatu sober vcsarenpye inne: shgeasaaheshiey repens Rees XVIII, 47, 53 
BI AT ASTI. 20. .ci tess ddpousdarveas apap lous apg phtersh tens <cemesbeanel siapesrstiatseeteeenaae XXIII, 88 
Sugat Loaf point........0ci.d.1.cesccescevescaepeongysncenescoscus Dhue onvonspereswpyehdak=aeaanaee IX, 42 
Sallie 290000... scch sce desecneecavevestsnecdtboueoebanvees sos ésuhavensssgfegn sh yea MAAS RESaRGD XVI;LTE 
Summary Statement. 
of Bifth Annual Repaitt..51,.:c.c.ctesecsccecs.suivenbestive tpeos secs thipene sons keenaam Ve 
Suen. ME OE OR fr, MOPPEERT CE Cs FOTOS. EA Wie 
“ seventh. ‘ MF Oe. cobegucheonehachnssh. +a eshuibtapab ate casts «tn VII, 
“Bighth ‘ oe Meer ere Sree OS Tair!) cen. VIII, 
“Ninth  “ (LMP aden saeyis'- sige >< ins 
“Tenth se LT PR Oe CPT Oy UT ARR Ube X, 
‘* Bleventh ‘“‘ A NR RS pet ck cuciayh on Crbetebebieabens0sss couepmanate aan Xai 
“Twelfth ‘‘ Bee shah bes Dev Gand FARA Rae \ Or igs SER OES Ls 00h CE Sy 
of Thirteenth Anntal Report.........ciccsccsccssccenssereceneccesveesseesnens XII, 


aanaannranra ca 


» 


| hs EO Te ee ae gee eee, ae 


< 


Ee ee Pe Pe Oe Ee A TS Te eee ee ee ee 


< 


- 


x f STATE GEOLOGIST. 267 

3 * Fourteenth St COSI iy ta WN ne rene Aaee o Cape occ pp bceen PANE Le 

‘ “ Bifteenth LY Cheam a aaah neta nae Soak cotta eaeiee Gane a oeina OV cee oF 

‘ “ Sixteenth i CCl ngs Pedy eM) ce ean uaneannnasiete een re XeVile VG 

: ¢ “‘ Seventeenth ec COUT eM eRe ABE Wi tenia oraea sn agiaaatestes RVIE et 

z “ Bighteenth  “ ie Saat) SDV py, ate Siena Aenean ae SVALDII + act 
) “« Twentieth S is I) A os SRO rt cEAe og BS 

4 and comparative nomenclature........-ccceecrcr erent es Koel eee 

of Twenty-second Annual Report..........e-serreerrstre res Dee ek 

“© Twenty-third zs CC 88 on Sri eden cos pneeceried ugpece ce YOO E a! 

> cola LR ei pei Oa ies Sepece erect rn “tna cach SENT Cen ESI MOV Io29 

of observations by A. Winchell.........:-ssecserrsrreerereees XV, 172; XVI, 329 

st By U. S. Grant... aces ceteercenusestnsestenses stern tents XVII, 192 

ap oe in Canada by N. H. Winchell........-:--esee XVIII, 37 

of the geognostic relations of Minn............-.++ XV,.172,.3545 XIX, 118 

of opinions on the POLSAATE soe secceiestetnasnse satecesu ceed -eanrsongeonmennscirs: X, 124. 

of stratigraphy at TG Pe ad Sc nee Eee, pita tees eo 109 

Superior, Lake......secceseessereersereeeteneetsess X1.'37; XIX, 114; XX SI, 33, 42 

“ abandoned strands of, by LaAWSOM....----:eesceeeersscsesetterstte XX, 230, 282 

EIIOPEMOSY LES Of a0 2.-csnatepenssnerstaocnpmtantes seanenpeey °t Taayaste ok at XXII, 174 

beaches, bars, Spits, €tC. -.....seererrrreeees SOY cae ne her cl nc aagso- aI P.O YU) 

coastal contours of the SHOFE............-.necseceessrennregnenecrceenere sen XO 2S 

iG PrOnles Ofeei iin ema ee eae KX, 222 

coastal topography Of.........sssscccetcereteestenete tte tet ee ©, Galen! 

copper found MEAT. ......csssecereenterestenereesetzetn teeta Nill avs 

chemical analysis Of Water..........s.ssssceeresrecseeteettet settee eee XI, 174 

deltas and and wave-built terraces......--..-ssccctercereseerentsssr XX, 208 

geology Of in 1845........sseerereererene terete eee XVIII, 112, 114 

geological provinces fronting Peep hi eM Dba rey se RULE efi? Ost 197 

minor featurcs of the north shore Cay ee le EB Hr Cenp pone cnn Sect DO ens, 

Pee darotit be Moreh SHORE La. .e---c--eanesmagee senna ee eet dee VII, 24 

GMPRIealls Pe pores wai sees seocacrwcnersfenprecsecnarnn Putter VIII, 126 

Gipaetay te ca ticnt ess cerrenyetesnrstsqos trp ear Tone VII, 14 

shore features of the present strand....-...2.:.:-seresceeeerereernge DO. G eu ESP 

SCR INIa rf eo Mian od sheve sce suamensaspess ements toe i ea ae XIE) AO 

12 SEG sate Re eee Oo neg ere OE Ye ea eee aA TAS Ue ta MOVE +99 

Superior City, beach at.....e..cecbessesssreserceereersereet erent ee IT XX, 202 

Superior SandstOne.......sssecccccseressssreeressseen see te et MOVIL Ss 

distinct from a lOWer ONE.....--2.c...--0e-engrnrersrsetecne nes ten cette nt XVIII, 90 

Jacksom’s VieWS O1.....-s.-csseceesersseesessentenenees ene ete XVII, 140 

WALIOUS VICWS ODe..s.- -ocecctecrcneneccccceccccerccesstetererecens® XVIII, 90; note, 140 

Bureige cantaur of the StAbes.c--:::/chenctenterresserscreee at Re I, 45 

IGE CC ONO ey wie tase eile hs cetera Hore ORNS ease a I. 60 

TE sera Cutlass oe ey dee care =p rworerngtuestar ney: choo toa arr WOVE al Seow 

cfbclig Wed Liven Ale. -f-osencesecnnens om otp senereansragernaasees “Merosaas tote Vigo 

of the vicinity of Sioux Falls, SER] RS cotta cue atsitnt arerie- SON eu: 

Survey LED oe en Mee ict Abert es reap  > Y y xvi 

etoile be Compiatied: «...--s.seutecsese-e+-neseot=7ereaageneas sone rmpesenenter XXIV, xxvii 

Rett ty OLS tne? ca. cg MeMeoe tse <- ctrpaterene rmsnee copes oecmaearaese SAE MVIL LS 

Susan lake, specimen’s mollectedh altace. cp-s-dicvo+- ae sence tense Acrpaees nee er XVI, 474 

eg FTE EAVTYS Un PPE PDE Sec PURER OCCU CEO eta sr a oc TG. 

Susquehannah river......-sesesescerecssstessetete reset et XVIII, £01 


Swan, W. E., donations to the MUSEUM .-.ccecccosccasesrseocevuceramesennene: sreacaeerass KAS 


268 TWENTY-FOURTH ANNUAL REPORT 
wecords Of deep wWellsootnstny-s-en-seapeste trom sersessunesseeeea XIII, 55,56, 57 
S WA ABITIER. S.J. 5s.30,020seis arenes apse etaeeete et ae Deoab a cass Sop eastet reas XVI, 42,178 
SOWA EI SEUWCT ae tvs chee such sseoteeeesauste sch seeuereaenstect seeeeene= a) << eee XI, 101; XX ez 
Swamp lake ViVeL:.......becosttens-sacesne tense tscgeseotcmemen sete n's-pomacdvah wen eeeeeoaeas XVII; 100 
Shs UG ea ee a eS ee ee nes ol ampere TSA a ee XV, 146 
S Witte lOrd © Ac Die iroekeccacece Pees fats acs ccs scnaseuns So Uieopemeen ts s ook sceet tres rene XXIII, 154 
SACS pd BRA pik oe ee Cao eh RN Ar Me le 5S RRR ay eeepc sch: XV; east 
SVG rae es IX, 87; XV, 76, 79, 294, 304, 330, 333, 336, 339, 345, 348; 
MVE SONOS 128) dosed: / 
rel] Fey ar tw (operas See 5 SR SS 855 mere Sa Oa 4) XV, 352, 355 
Clete SR oee No sescec sweet boo aeeeanes sos toe eneeee nse sa teee tot sc ee nen XV 1s 
fromthe Ka wisht wa river. ..i.cachutes co. sc csee eee ee ee aero XX, 42, 60 
erieiss On Dlack Fly tbay...:...2/scectstnpoos25 seeteme at passage sooo x Vise 
eneiss, relations of quartz scHISE EO. :.>...ctissce---nececesd ences psscueeeee XVI, 187 
at Wanchell lake svccserscce one ----eee est. ees ee XVII, 175, 181, 193 
Syembelake..c st.esccceecuee choca ececustouss sss tsssctanttis snes: s scousepect ys -cc-seoes eaten XXIV, 94 
Syenite-cranite froin Sank Rapids. ...:.5.-te0.0.--...s.cceapunpe’ =s<ess vgeveona ste aaa XI, 80 
VEMIEE FAT GCL L255, ct-p ceats decoscscataeIetsoere one cedebentte cs op Renamer eas sae XVI, ‘73 
Synclinal:in the Shakopee limestone....:..22.0654..;:...:.:tese<sebeceee--21 seen cee Il, 147 
Sats Mee 11.52. scancceeeete se coved anos onan oa carseemeness 2 0k so seaeet eae aeee aman XV, 147, 148 
SV RECIMATIC TESTES: .o.c.csthecso.cnsecndssetecacon ccapenene nce ses «se qcken een ddas wen eee XVI, 364 
S7abo}s method with the feldspats...:....Jcnces-.---20-b-ceoeeet dso t ease oe eee KX, 
Table'of seological: nomenclature... ...20...2:ccacos«s0cesu1-s--2stece cress sacs sntaseaeeneeeeens 1,339 
Tableof original and acquired tock structutes........22-0-<--.c-2-5-ssce> seen XX, 343 
of abandoned strand Vistesi. 0 25 eee ce ss nnceceeees ee XX, 285 
Maples'OFAlEAGES eo ii 52sec hhc sec basende seek ccsbacs eeea aie aaeene see Eee XXII, 21, 139, 148% 
PPACONIAT: AS) AECL: ..).2esc.ccccnsicsse soc cadwadsa ses cotesteccusescoeetesuse ae sneee nomen XVIII, 153 
PAAITAL IOI 3.5 sc ecesec cascc docs scbesses cocoate aee noe EEE XVIII, 154.15 
AVE ey Tr CO ae, Ve ee peer X, 129; XIII, 131, 138; XVI; 9) 45 eee 
ARO LS Sees: coencn de stack tou ownct phar te soantaeb anes eeeeee einem XVI, 170; XVII, 46 
PASE Ot ee hess cas see aa eBook ee ce cad ek thas ta aos dene oes a ce XXIII, 34 
ejmivalent.to “Hastings series” <.recsd.cacdusnc coh aol-=-hceures eee XVIII, 153 
SEOUL) Socotra ach ne degen oncaeid ita kns oSuskatpueeds terck ys Began seen Pere XI, 169 
ideas Giscussed in) VS4deoe ok... .c scare ccncsenescoktteensna sce eteenetean eae XVILE V70e 
TEOTL OLESIO fi sdse ces capa ccanvereesedchecasdiendecduess tesedee es sie eee XVII, 48, 51 
ATE TR od cc odeg olen evicccgdtreccsatec somtedeta ance gas ipek  teknek nave se ea ee me XVII 7a 
WATUPE:, «sccvcdcers suoewesentdss sodassacteadccese onavorpaycce Aacbsencese: eae ect qoaeneeeme XVITE 
tHe OPemin ye Oh poo. see cea gaemss eve odes si aut onvods nu getasee thy aeeees nan XVII, 47 
Che! ai per A5...dscp. tssace-setacdya sotapene su on qs shee sc os atesea eee eee XVIII, 78 
PP ACINIC SLATE: s.52..c00ths castes santos kesncetepttend cost eraseeeteted XVIII, 75, 76, 78; XX S26 
Maconic svstem) chapter, ON. <.:i.sckevaescers-o<cccceNperosopnces XX, 29; XVIII, 74, 76 
criticised by HDi Roger Stic. se<se-s ccs. ssnentiss5puvatess» tekcenepeRe en ae XVIII, 102 
CLICICISMS ON. 5.00 cabadsvsacescdetentehse sence si eanaeeuscush ios. faeeeeeeR team VILL Size 
GEBCHIpPtiOn Ofek... see. lsscdoceciesecees che doootde Segbeets Gusatnes.\: secant eee XVIII,” 75 
CAruest CONCEPTION) Of..vecissesvunstosc>s>.ccsccevertiecuiba: cue XIII, 131; XVII, 7s 
extended peorrapMically...c.viceseccsscccs.codevgestontens>+aassthecusiesstanne XVIII, 77 
grounide of Mefenge of. ..cini cli csepescosss.--pnnsnyheieseecss sco seen XVII, 77, 81 
COU Piascesescocopdshuhsunsvercamnpaenicdsdasssdelecsedaeadnelihensy isso Ghateinntanc san XI, 169 
AI GOTELBILS O01. cist eas ons’ rscnvadss scereecutssrice casssn eRe tag eae sn ctu eas XVIII, 82-87, 139 
THOUMUALOG, .isvesidersss ccoubcebuoksssudvscubitescbaberapuehacgars i kes SxeNaRMGne Reena XIII, 134 
BVA Mt eieans .ciesvioens. sdccnyudesd cvsaessVorses coves Geummnae Paccsuns 2aceaeeae Reseed XVIII, ‘92 


sustained by Hitchcock. :,..;:ii.si.teossssconecssdntassubiosen¥ecansiheaessnane XVIII, 101 


a 


: 
L. 
- 
: 


a 


STATE GEOLOGIST. 269 
areabeaatie CMe ee astern tors epee ar oe MIL; 131 ee VELL TG 
OPPOSETS Of.....-cecereecererserserserets tte XVIII, 70, 75, 76, 777 102, 103, 138 
synonym of NETS ARE PETROL SOL ca ae gd XVIII, 144 
N. H. Winchell o10.........-..-scceesessesserersessene sete KIM 13h; XVI, 184 

Taconyte, brief description aR di cec nth cosh a taow dope Sos eS ancen™ RO, a ee 
specimens from Mountain Iron SATE Sete oe eee Taha entree ey CLO 

DEE OT 05i Retr CCR Eee ean ae a 20.4 Wales: 
SEG Oar ea SH XXIII, 209-212 

os ec TT a ROIS © SMR CPR EE ne eo eS a a Kee eS 
Taghkanic system O ONIRICEU sact ee tea teas ce Se ce sgenmen se near necnecoee ese oe XVIII, 73 
Ora eh aca cheslabescnnnsteermeescrenerg ter XVI, 49,176; XI, 24 
Talcoid schists of HitchcOck........-.--cssscrerecesn esse DOIN eh 
BRP IEEE = so cstsaces-cuenteacsenssconcnsescsseessocesicee eae VI, 24; XVI, 175, 195 
PERS Cilied...c--s-cansr-nn----sereunceseeyson ee XXI, 34; X XI, 162 
_ Taylor, L. A., testimony regarding a find of an AllOy.......cseeeseeeeeeeeeee XAV, 3235 
Bane Mer PNCGS DV nn cc... caasecneeseanscrsaezr ses corer eT Giga Pea leie Ie 
Bee glcitis Palls.c.:cce---2-sc--ce-censinseneente ere X,116; XXIV, 44 
qeaphyr-porplyr from-.-+x---.--+---escerstr-scssresn str XI, 45 
Seplorationdor silver Beat -:.c anaes XI, 136 
“ov TSR eR Ra AR ST XVIII, 193 
Tavlor, BE. B.......-.----sesrecrreeetreerre XXII, 59-61. 64; XIU, 164, 168, 170, 182 
Teal lake slate dyke......-.-s:-cscessesresrersense sneer XVI, 42,180; XVIII, 172 
FRE o a tase mee act Pa ie ga MOVIL, = ok 
ag) SEE Fee MRR eae aie Ne RR XXIII, 226 
Technophorus(?) extentatus.......-----seccrseerserseeesnrenn see eT XX, 222 
eta Gas), Mathers 2.-aence-n oreo ctee-eennnenetnncr nearer D:D. 2 Us 
Peyton kesstis ca -c-ng-7-- Sense a XIX, 216 

(im planodossatia tare agenepe ste et ENE 207 

EN ie SC CC ne Ree Ore me ai SET NeLXe 2S 

foie crpcatnad aces. Sorin t etc en ee ae rape XPM 2LS 

Gye cea lictas Poot cts: ceasert Seanotee ren cree XEX, 220 

28 GEE ag cera cee a aoe XTX, 221: 
Prisea this ie TAKE. -.c.5t.a--onn-nen-etenneeressenncersene settee ene XVII, 123, 124, 130 
See IC RINE. <frencpssnrenerenceeeeren cree crretreren crore ESS IX, 44 
omnessce, zealogy of, by Rogers:.-...20y--r-c-c-cr cere XVIII, 104 
Ey os Roepe ea ee Ca XVIII, 104, note 
Terminal moraines: Composition.......s.-ceeeccereseseseserterensneeen eet tees 1X, 289 
Le Pa f HG) eeeDinr Se tee criti COTE a Renee ce ge era EE OD IX, 829 

. SCY poeta veo eammerererr sen renee ees SES Rag IX, 286 
exploration of in Lowa......---se-c-eccnscersecreererneere tee IX, 298 

Gb WnieSO EA sone goss-ceee----vracqnnsnnnsee se shearers cataracts" Willlee 1 2cek be Loos 

SAI ne for ApricHiburel..:.c-aryaracanyne nye I ae IX, 291 

BPA TITIS COTMEFES -o1e- = terrees tows ees renee psy ee IX, 294 

“ee cpea EE So cS a MVE 263 
es MIA sain em er a a KV; 17> XVI, 142,; SXONG wd ea 
Terraces, TIVEL......--sccceeseneceenrrsseentaneestesees IV, 67; XI, 140; SEP: 93: Se ae 
Terrace PpOint.......csscccercerecseerersseeerts Se elAck ipeaw aaetass eta Sea tesa nC odeaes Xe ae 
Reon Cotta clay, Reds Witig—--.2.<sa0c<ns---nstec sonnet VI, 44 
Terraces in the Minnesota Weaallesveeecsicaace= soa heseso <= toretearn == soreness 0 Il, 197, 200 
Terranovan series Of Humt......--sssccccretersrrrtree® BRR ne cc ee Race nts «fet XVII, 152 
Pipes, OF Hymns st OMI steney sgn se+-ovsertncss faenen cares seazsamsare ress oer XVIII, 69 


FR fer CATR) | oe RRR, cove ae Se ee a XVIII, 70, note 


270 TWENTY-FOURTH ANNUAL REPORT 
Tepry> Chas death OF... ...usccsesv.cssacis sewosenvoncs 1eaeepee cas <ts be sete en Caen ee xX; 36 
The Hydrology of Minnesota s-s......:.sccsseatiesssselsoosndagvotoisablaneee IX, 224 
Mestre Wea by woco. uconche sacs sovcanteee cies sdcee incest Seoute ee eaten e sss coanemeneeas Some teeaee XIX, 50 
OF Chie qj talities: Of WAL, 26.2 so.csc5.ceu anodes enedeen a=» +>: tecene > sae Oe  Socvee IX, 170 
SRP EUR EO Lone ac; «Foc assteeceesonne ps ophcivens cneeeeVoresaaioabes tet ghetaeee tee ons Sarerel caer eee TX, 25 
Theories of the origin of iron OTes,................008 KV, 223; XX, 1785 Xe 
Matessal on: OntATIOss..evsceresttcasen: sco caeneee eseeusendaseneeeae XVI, 14, 18, 21, 147, 164 
TLV eLyand Valley ;2-sstvssssecccossterscstaeet =o -saememeeete ss cease XVIII, 88, 113, 130 
CUAL EZ TG saetensnso% oo. Soeeeen cnn sad cnoapenee genes te oe apeeeee eens = XVI, 27; XV 50270 
Biibeanlt DEACH s.ccesesctactstetesee ses feSeeematenorseagee ss ae ate ee costae tens ee eee XXII, 61 
Mntekness Of TOrmatiOnss,ssc.cescese-2c0s-csenscese hs <n oto XY, 184, 192, 196; XVI, 366° 
CURETIGSL RIM OL, te ecco ooo pe oh cake OR ee cect UN ak co ee Ee eee nang so XIV, 338 
ain sections of rocks; How? mMauUe:s.. ..c2sceses-ses2s- Sepa nee ee ee VIlT, a2 
DH OMIAS TE CM pW aie eeehs sc dave canted s ose sto est oeeeneeu en cob eae ioe ote toe ee ee A aeeeaees XX Se 
Diatomaceae of Minn inter-glactal peat. .:-222-.\,-2-0-css---esaeseneaeebe XX, 290 


Thomas, B. W. (Woodward A. and) 
on the foraminifera of boulder-clay from a well-shaft of Meeker 


POU LY 5 40Ssec cee dascceacsss sda Sbatzc occ cdsccdenczovesces vo caseeanates Sis staat tee eeee XIII, 164 
Mommas lacey .:scsce-osdaysseteess oo cctene XV, 145; 356, 360; XVII, 189; XXIV, 86 
Thompson, E. J., Facts on fall of Estherville aerolite.................cc.seee VIII, 28 
AN To) atts) OF 1 eee ee PP TRE Ce EEE Se cee ed en: Si ene XX, 31; XXII, 34, 47 

Slate Quarties aticss.-.4..ceseom serves VI, 48; XI, 169; XVII, 54; X XIE, 127 

TOCKS COllectedealtys: ..2.5.5-Siuscesicadonssscssquesessscsass0t dss eUecgecccs CatietCeeaee Xa 
SP Hree MAIC CHS, 5-22. or~.ceoso octane ucoss do nusenewecdetnttes ts- ce loneae  todeadied do Tae VI, 108 
AIT: WANs crtapeertes.-coseeeesenceeedos XVI, 252,353 ; XVIII, 134, 136, 137, 200, 204 

SUV EL TITIES 2s ve, 5 sacos sescwe Ore eece de tae Crees ee eso tee aoe ee XXIII, 143, 144 
Thomisonite: 

article on, by: Peckham and Hall:?. .......:i520...cecceuscotessssedosseeeeee VIII, 166 

collected at various places..........0..:0..cedesesooee IX, 41; X, 53; GOGRRai eee 
AMOUSANC. ASLAN AS22105. 5s2edh. 00k 50cesgneescensv es unon sess opscgie sos thee sagQede nee see XI, 130 
lagi ety EXAM,» oaSec deus do. soe taises toasts ecdehaeeee X, 54; XVIII, 134, 136, 137, 200, 204 

Sl i HITE STO boot cr cen cols doce aacseel ccioce lastestes /aavaneeoes X, 54; XXIII, 143, 144 
Till: description of etc.............6 IX, 283; XI, 138, 142, 144, 146X XII, 43, 111 
‘Timber, Centyal\ Minnesota... .iceqsseseecesd-cocuedeencoscsnscbdns>scadasgeesacet agen VIII, 9s 

GESEriHCEION  Ofivcsscectceessecodeees cases oes uasecs sok couveteh wee oard Sa REO TE ene Vil, 24 

Dad re! COs) ss 2igi ved cicget cu sccaetataes datas isa 0ptecds tsi dedkes toss tooeaaane ae IV, 100 

Ballin fe: CO. hen ck Bac caks cosec hans ieas sw cvoau oven cts sebiacupesh che aiis ac, oan IV, 29 

Breebort Coit Aevsv des teecteen concedes veurtencves vddee Besa daeer cae aaoe nn IIT, 154 

Hennepin CO......ssccsssssssceseccedevesesicssccencasssdssscehsstedsedagshitecersosae iam V, 141 

Honston'Co. isscctlovecsdcceservectcsasece dove sil. sudataadtvveve Neches Cucdeents tegatana V, 20 

Minnesota: Valley: ccdcic.sccsscc3edeeestbsdonsstesersevssorcdesdassssnnetas ae Annan II, 210 

NEO wets COs ss .onvccvcsesstbvnsooscncubhenbuete os ses ssnapepeuhies:y0i ch runp ReeeE. aA nenEnE WW, Ave 

Olenstead Co........c6b...ccssccesepssossecsecssesseenannbeneneusesesseseseansoeesnees ssenaeil gna 

any Lith Ci: sieindiocs<cadscvsscdtenoanatecawse ovnccdaadecusunisstus gy itn oRaneaae XXIII, 95 

RAMSCY: CO... cscdes capi oocdsveaysnsvisesogosccoessocstobvaaagnnesbdunnnthMhghaxtsiiae VI, 72, 90 

TCE OG eccce cvelandesttibovessipossVannhewsha¥inks socks esW¥Ratsash sesh Fe een TaaR ts Deana VI, 119 

Steele Co........ ghocb hehe oscceunybiensevepSeiveusysovvssuenshaceessiune syasGneeeenet Coren IVS 

the Upper Mississippi. ...:.0..00is..sasc. bese ssisnsenssbvoresrasossnvosstsiveteenseial IX, 204 

the vicinity of Leech Lake..........sesccrcscecessvsenrscssssassssussuesncusshbaee IX, 234 
Timbered Areas INCrea Giri gs. ...scsansdscavedessescecescusonsevedesouseatss aducsdueynnsecasn time IV, 28 
TBP Her’ S CLEC Kivvvvesvecvvcucebvacsyesnvonensyavse cvachepdstuevn web lesteehenu ys va void (Umno a ayTnanEE IX, . 26 
Titaniferous ores... XIII, 29; XV,167,171, 212; XVI, 205, 362; XVII, 80, 81 


: 


en grt 


Be 
POP Tre 


re 


FFs OE ig Be eee ee 


Wa = . 
a oe 


- 


ee ee ee ee ee 
: . . 


STATE GEOLOGIST. 271 
SIA TIN EATEN TINESCO VOU iteo cans +b. nase puentaenacthat cote adcesutagsnascacnpceuseneas eels fl ao: ah 
PIVCHEL CL COATT Girt cee ee ec taeeeat Sos wd osctee ected sgacscdancodectestecshet ete uta rod ete tice eoae XI, 88 
1 SE ae he et BR eS ea cree eee BN XVI, 23; XXT, 3; XXII, 2, 19 
GEMOL GO lease sates deck ess see dead dds cdeceasvetseueven tone cseree ners XXI, 69; XXII, 90 
TNGNT ERE IN (Cores Dh CeO Ni oo) ra eee Cee mae Ae XVII, 92 
MIRC [cL ree neers «sarees ce tas sekst heen Ra sb sce cuassacusnands oc shenk weutaesd isos nee seseve eeteos lev e29 
Topographic data, (see tables of altitudes, also R. R. elevations), XXIII, 106 
AVekaLeviall). OEE WM ISSISSIP Pi-sss0. states ers <cesetsesaticel ees vee eee I, 130 
HaromebticalelevatiOnss.t:.c25.cc.<sersededgresccsonesdeoesteee: XV, 382; XVII, 200 
elevations of central and western Minn., by W. Upham.......... Wile ek 
os Ofsthesup per Miss: 2.1356. eeesnecnssesdeseeeraces eee MILI 92 Xe x26 
fe on Rainy L., L. of the Woods, and Bow String L., XVI, 462 
a of various places in Norrhern Minn....X VII, 144; XXII, 19 
oh from Gun Flint lake to Brulé lake......................... XVII, 200 
4 Ohmorainesun» the: Slates. se ko LX: 355 
§ obfNew York, by..Emmnions:. (ttc... eee. a ee XV LET 2 
“ Olainy lake eoiome Gan teck ecneta sean cdevdaed soe cee te XXIII, 47 
as North Amiens. .15.25 cieae. 20 psodaseh oes. cueclul uate Gee Ie eg 
ue OUSEt. Wawnence basiitcccs: .s:ctetecsss ee ee ee ae ee OT eS 
4 of the northiside of Lake Superior. ..:1. 3c 
ue Of La kere oO unit y.- sic vcece toe avs seer cee keene ceo ee ORONO AAG 
‘s northwestern Maniweso tar: vsctesess skeen eae ON TS 
* about Kekequabie: lake. cok. i-2in0 2 sentsteten ones oe ee ela 
‘s of Itaséa: county 2. iek co ee a eS 

R. R. elevations............c06+ EV 11.6; V 14, 15; ML, 156; VIL 30; 1x. 


345, 348, 351, 352; XV, 427, 428, 429, 430,431, 432, 433, 
435.437, 438, 441, 442, 444, 447. 


dopocraphy, its relation to. SeolOgyc.2.. 5.205: ccsucccs ease cd adens oobscnuses.cbseeen TVA ae lies 
Of EGMSEOM COMMEY s.220. Tor es cx. Se fce. on eee ee a east te nove Va 
OMEenme pin COMME. seas cer come naek eee teen ona oe eater eee ne eee tee V, 133 
Gi Central Minneso Cases cscs ee reest esc oka sacs cease oe eee VIII, 134 
OM Noe Ess WLITIIES OE a5. oe coeek eae Ree eh oc ce teha eee Laon eee XV, 189 
ine Mist SEA COPEL Vcosa tute ol ccd soen deena es oseb uoaeBer cee wa hid eee EGS 
of Northern Minnesota, method of work,................. peed nat Des XXII, 19 
Predecttthy ARG PEI Os A... ssette tela. 8. Seacdbe dhaccabascn deiew anon sat XXII, 47 
hopographicalisurvey: of Miunneso tates.c-.:::.c2seesccnss -asos-200n.sosnetea tence. XXIII, 106 
SIRES EET NIST GIS. Ne ses coc race oink ten ccuee GaStt pee EAAC Seas hocks casance sce oeected ose ee XVI, 406 
Movers WlaStS MAT CUDLOr sac ransjarisscsatdecs Weadoas nc ceadciovoe tecnica eee Lee XVI, 199 
Tower, geology of the vicinity........... XV, 264; XVII, 38, 77, 89, 122, 124. 
Oxo oil, 
SRE he EEEMSLONG, og eve san eacess sod dbetseyevh.ov nn crcbnawevebacuseeeeccoes XXIII, 21; XV, 221 
From Pseudo-Messer L. to..............006 XVI, 109, 113, 195; XVIII, 
8, 27, 35, 38; XEXIT, 19, 51: 
Iron mines...... XIII, 28; XV, 24, 226, 247, 250, 251, 252, 264, 270 
XVirsielsns28: 
PINON EL IO cea iees an caseees tus ssecnc: = sbaeagesdaasashtcistes tcc patteeee es 5s eM eons Re XV, 260 
APO re tag Ws 01) 2 Ea RR SO a 2 x SOV S14 exoVlee den 
akerwmrcl wi elliatBreckennitd e702: auc srecck <cnokeons cece sgteeen aes kk ce caR acta ts Vie 16 
pibeei ay: dee ammellc ater secs cc asarceu eee terse ads Sais SRO, ose oF eo XIV, 351 
Grea LION SIO DSEEVEUe hey. ccccecdeeeeecek oleeeaies ee XVII, 145; XV, 186 
between schistS and PNEISSES................cceccseecceccasesoones XV, 178, 197, 127 


SEMELEIC/ An Gti CaySC MISES tetas oe teens. de coee ne ee eae ieee dc cesceenee Vie Sin 


bo 
io 


TWENTY-FOURTH ANNUAL REPORT 


muca‘and hornblende SChiStsS:..s-.--.2-+-1---sesessens«ccs--aceonese™s MV GL; VS Os 
dia base, and. Sy ete. a7.8s.:....05-c-esocesaccn acct onsdamades >esrenedenpee=-naqiecsooee XV,_ 79 
syenite And QUarzyte.....eseeescescereeceeeteteseeceesesseeseeensesnesseesneees XV, 82 
HUIC ATSC HIST AMG flCISSs-oee~sscct - at snot anseronreseeeeeercrsces + XV, 84, 98, 100, 101 
Fics SChist 21810 GLAM ASE. sc << ncesaaesss-denscene teen <- «onan tee ee m.....V, 86 
mica ‘schist and felsy te Schist.<.---c-.-5-0se-ceeevent+ -» seen teen see -seaerevane XV, "92 
graywacke and mica schist.............. XV, 74, 92, 98, 104, 128. 130, 196 
graywacke and chlorite and other schists................ XV, 107, 174, 186 
argillyte and other schists.........-s:scseeeeseee XV, 197, 129, 138, 141, 186 
syenite and hornblende Schist..............::sccceeseseesee cece seesenrenceesenses XV, 127 
veined sericitic schist and siliceous schist...............cccceeceeeeeceeees XVetS6 
Giabase/And 'Slale tooo osc casoass-cece baeeeines cas doe eneweeppecavaeecns KV, 1515 15262 
TERT TO US ors Re eae ee dns Ss EE ER XV, 136 
LTS CTE a4 Eh et 7010 Poe ae ee Oe Remi | AIR DE Bes En XV, 182 
Hoarriblende sa tic sete: 5 seo oe sacox ore eee a woos epeeeece reas eaeoerees XV... 153, 13% 
argillyte and conglomerate..........:...ccr--ssseccccesenercceeseesencenes sseeas XV, 187 
Sericitic schist and conglomerate.....--........-00.cccsssesen-onesnnanesecnnets XV, 187 
diabasie rock and conplomerate--.c:-c.ss:.-.:.-n-ccnmnaeneer sear ere=- ee XV, 187 
greenstone and conglomerate.............::cccseeeesssseeeceeeetecceeeseseneees XV, 187 
chalcedonic silica and jas pero! 2 .2.cope asnntse<cncvanerea¥oameedsonp-1h «apenas XV, 220 
£O PADDLO...2200-.cccccnncensecescasesenanesscensenenaser sees soccerenenwvensen se sanneseagaa XV, 145 
jasper and sericitic SChist..........::scccsseeecessseeeseneeeteesateenens XV, 221; 227 
Wea SChISt anid OTAILE...-s2--c-ceesesce-b-steeeeresas ec oes come XV; 296; XTV 
eraywacke and SVemite........ccccecceesesceeesssseceeeseessseessnneesetenseerees XV, 353 
Keewatin and Ogishke conglomerate...........ccccseeseeceereceeeneeeeees XVI, 314 
felsyte tO QUALtZYLE.............cccccceseneseercereenneectensennceeccsneersens XVI, 38, 35 
conglomerate tO Qranite...........eccseesssseeceeceseeeeeseesreseeseaeeaaes XVI, 57, 38 
ASEISCTISES ooce cr svc onsen owen cs cece newer be han cote nde sae ue cee Nene ne tenes ress seae soe XVizae 
poem as ERAT IO oa, «ake aha. osc s Segeeoens pdsaswaeboges eras teeeee eae XVI, 71, 74,91, 94 
ORS IK CORT AEN I aid cos sac - chs eetnc aos deccctayo blows sas let sonn ont ie pete eee XVI“ 6 
to crystalline rocks,...................- XVI, 76, 263, 266, 306,.309, S357 358 
tO STAY WACKE.......ccccccessereecceeeesseeeeeeneesseeseenerenstersesenseeenns XVI, 211, 351 
‘“‘Animikie’’ [muscovado] and gabbro,................ XVI, 355; XXIV, 64 
porphyry tO QreenstON.......seeeccceseeeesrecerseresreeesseeenseesteesenees XXIV, TZ 
dioryte to greenstone and to hornblendic granite..............+ XXIV,» Ga 
conglomerate to MUSCOVAAYEE.......-ssecsseererssseesseeesteseeetarer cenes XXIV, 64 
Taurentian tO. Ver millon <:. conc. cc 0s --. so5eca<0seqsnecdeecee san emenen ee XVitkgos 
Keematin to: VermiliO nk .c. cvcveccreves. +0000 ccnrcs napeee > dusencommemmanaecs xX VIE om 
Mica SChISt: CO. CiaAD ASE: sc ..ceceebaesee es ose o> «SeopNeehep> aannavosveap peeeeee mas XVIII, 118 
Amimikie to Syemite............ccceodscecsecoveysannstensenensersnrsececagheonsune XVHI, 133 
RSF AEE TIT OVS Sis och bes cen dews Soneec ese cemenety aes < a0ssestetsecss suet emntess XVIII, 69, 72; %s 
from granite to surrounding rocks.............. XXI, 37, Bs XIV, Sees 
Of the Coutchiching.d.........20scccsseccosecsccovnsesenensesecuacenessauencrerce X ALVIS eae 


Translation: 


of Boricky’s work on micro-chemical method of examination, XIX, 1 


of Kloos’ geological notes On Mint, .........ceeceeeeeseeeeesenees X, 175; hase 
Transportation Of boulders..........cccceceeeesesereereees fatdadiesbinn eos eer teense XXIT) SL 

of the Mesabi Ramge Ores..........ssccssssseccesssseeceeeseceecescesensean sescenes XX 6 
Transverse Profile: 

ANIME ETO VINCE Iss. ovcaseyenopndesocsoctsarbbupcsousdeppcdpesess <sandeanbaksse teen XX, 228 

ACH CAL cies ccvcevcvederarscocsdececscentscetsnysetvet ccaahoRbennsdaceegonmaateeetr i ahaeeM XX, 228 

We weeniGtl PLO VITNICEsc.csccdecvnccescodevaqdveaciss scenaasssacenuecuctlidurebxtssne Xk, 22a 


STATE GEOLOGIST. 273 


WCE S CLA Tre eee COPE ea sete at coast eee eccrscescpencteecasiatengoeiawsevde csssces XX, 230 
SURAT SEL Ce oo Wee a acs eae armen ras es con Chane s Sunetdensaaneeebaapecess XI, 141, 149 
“HS BTISWGIE UTTER aa CERES CCE EEE EC CSREES CEE CE rok BEBE RSD ERE REED DPR Co CAEL rset PEL XXIII, 198 

Sar SiS are nea ope tein dan tue damnnncacaca@icnstnetcrennnrascnsdstes case caphvan XXIII, 199 
PR EA eee tAE Hes cc cd cecas es vn nescence cases aster -cckoteseuctss¥ooegantrueiceere XXII, 39, 90 
Pea EMER TO fe ete lA KEIOLES.. = cst scene sccm scce nr otsesaetass wots wesna ves scdovasenee SOME 6 Siz 
Brees ae SHES th ENE, EACRW OOGSec.5nc2- 255 cade sosesecnesoacesceccuawsesectosasncecencsies If, 210 
Treherne, H.S. Anancient outlet of Lake Manitoba..............: cece IX, 388 
Wie ea eEE OnE ee SIASIAED CNNIAL Bere 20 <ccuacennncs onc op.--use veabacesseaessvosdauacascestastocesaaees XIV 9T 

ELT AP ee ese Seeds San nade adatucassonencscenaace dav encgrodedoes aeseesesvenecaeecs XIV, 98 
BIGENTITOMIT ECM mes oe se ae det een as ccecasoes s<o-osveedessv-nuateccsttdatacssecaves cdubsccucestosbstewccvss acess xa 1g 
BRL ETHONTITIIES COMET <2 5oaco eee <n = sas icy acdeakat <0 gas che tuteaiwansecnesceeteases Dietodexevil ie 7 2, 

EDGE CCT ee YORE OIE DD Sars Meera ent BT A et a8 bays eat Li rAa3 

UEITE CER Sess sas ata oc’. cae ero nese Coke ee eaten odondasess usta etoveereussacda oreaee I, 92 

TD aya FeO CXC a ee a i eae ER RL eRe A eae IV, 101 

RaAnininecon, vO AK Otay! Coss .t...2:..dceateeseststecece ten see <odoeetvosseeaseaeeees IST 

IMG THT GEICO TMU Y=. -<-. 5-2 a Spedton--s0-cdoavetteest-S ARC staae reds ste rareere so Toneeeeaaee IV, 42 

HREM IFls  COns oes. «ns caedupeisesstsacasenee fupea ous ocdcbuoeeebec dens cde aes ess Betis eny Walaa 

FEV ORSEO Ti COnsee so scone tere dospans ooenee ete Shas see pea so ncaeitas sta Neltanues Nee 

Ry Tea SEE COO se crea oss Js sod teeta ses ocedeee de teae a ede oad s eee e rote ede thee ee eee IV, 90 

IRATE SCVE ©Ote ces vi ob: otsescetaaaes wad sec Umaga sad sce Tost aes et ccn ae ses cenereocceroneasee VI, 82 

TRE OG) ict i aeRO Be See, See le ceuoesaedleddvsaersueqatendal soceassesatsescevacesaee¥ey VI, 120 

Sie AT Meee shit cle seee aac dvks lo sdedectnesobaces dowaddadeet dese seactes x, 1815 XR Se 

SOULHeRriypNItHNESOEA Ms: .ws.0 5. ssers doesn ttncuescbten peer ceucassnceddcsemiereses ound tae X, 183 

SEE CLEMO Miss scarccnt cb ieee eda tcc Suteaa tt asec tsadta thors obsen este sre tosteumeebestearcceeten lia ls Bk 
Senet EPO AHICLCOLILE )\c..cc7.<cessecseeeksaess ce cbtcqcs ist econencececedeecotwscacestettneesecns ones XIX, 177 
SPNTETTEC HO NRO UNIS! haa oscestecetncpoiccesccsseiotecssealecepechadecusedsuecenssevieecscccosseees oe PV eG 
SURI RMR E SEs ES 23 socvwa dct azene scksencvsasesaoncdn sbocvesbusbaussentecnvaceerey Moire a XVI, 335 
Mat MeDKes Oly WOWEL Sl UTMAT: +--.cncctoaeescstetsSedecc se cesccorsacealanccbestueudeuerees XMS ~ 2 

AEG VEST OAC. Seach soeser sacle edad eed doch darostdactacececr ssseseescessdec Seecue es XIII, 65 
nie AO Wy bec LARC; LSOG.2.0ccccsrcssscvede cat eneeesssncinvucpancencvuvbancecceseaes XXIV, 48 
SRSA GIOH PES EIU ALOR. c2 acc: donc sseedesno dnctc-conesesetcuesvcssecVesseefeecenssccbateasee 1 Es ala y(t B97 
Miri eEOss LHEMMeSADI FANRE?...c..cecc<<dos-scceecctoescesonsdeeccecsestssesc-odenencsses XIII, 20 
MLOEEMIY Les NOTES 1 PON AN ALES Olees...2.525.c0.0<0---<-02snasavaceedekscccessecoeecus KN LM DOA. 
Troost. Oi. G:.onvA ppalachian im VersiOn.<...sisis Gees-crovs cee scceeeedeess XVIII, 91 
SERV EL EE So ae cela soc galasecdestiusceswdelavadevesetten odes elestevwe XVI, 458,477; XXII, 23 
Pinta S Sei ar ereacte ss ants cce svct Seven Sucedect os cousencaasevearcacan a eueoneeaseesse XVI, 10, 395, 428 
MschermAles SEO fpleO ChE Osi 21 2.<2.22 de. eee ose. 5 0: SN acnwe sdeeeeseone-cckeapeoeees IS 5 
PREG IO el Sota? on suctnves cs cnedieeneext yemee sts2 cbcbbeesee ted X, 84; XVI, 362; XVII, 105, 135 
MSH Ose OZO OLlghble- > cc. <ceees vec dcs cette o5c0 ate wa ocees «ve Sone necedt ee Oise auke del Tacbensen Revel, Atoit 
SEEM AGEN Se sees or sas oes cs Sec cea see enace densa ak stissueseoneaaboesossbe sana vonsae seta mes Oot: II, 195 

IESE SCO) CR EFOSC Crea Boe RE OU ta Ree nn ME Re ae MAXI, 26 
PR eS ekg IE AE wees sence cnc ss oa teadads te eet ncaa aocapae cede cnt aes sacs Siecceesemaeacoereenee ek eat 1K 905 IVGe69 
PG Eatst ACD NAO TAE ANT oes s «occas oso cu seco kk ceteeee pokes wos liclechinc sat taco aoe aA cde Redee acs ce IX, 328 
MESUATHSCAKS to295e cca socc cs scnylecetvaeccsssaseveesterseeceecs ct X, 97; XVI, 100, 326; XXI, 10 

OCIS Mik CHINAS een aie ete ene etn, yh, SeeNe Ecc: REET a XXII, 158 
awanine, BH list of plants-about St) Anthony... i.ccccis.ccssehgvosscccecoadssoens alee 
BP eo tM et liye Lev Ress dacet cana sn cccb= sons scigacancsttecaostas ta citeaote saan meee sect sdi tae tets sss saeeee J De 7A 
MMMM CEU O 1 ED vacas = 2asettce tein ns nbc cdedten ScOce rN entiase ss vvsweeasnict 9s «p2dsetawadnadestoes 1. pet | 
eur OMA OLS¢ss.catsn<cedeseeses est MTT, 2ZSSSXV ESS > X23 72 OXON, VORA GS 
SUera CIRCA CLS Sen ees gh SET ce ans choose dee coc ek Roos ade ote e Tee e as co ee ac NE IX, 43 


ivmMealirnim. sections of the CupriferOus rOCKS.<.0..5.-Saccecosserececteonss+sccaeeeeee > Gia eV 


274 TWENTY-FOURTH ANNUAL REPORT 


Diy phe 1 <Be2 52 coi sede cas ovens sether tapavadsaveuva leh: cha =ieeeteenant i++ Ape aetna ae XX, 183 

WIR ChE Oe iiss Sess go cent KVII, 2; XXI, 2,3; XX, 3; XXIII, 2; XIV, 104 
EISSISLANGE IM SUTW OV rc. oc oats bonscnes wok ss sooeenee re sess os uc pabac eae aeeeeeeeE XIV, °8 
new Lower Silurian Lamellibranchiata.............1...cs.0cecsugeesseeos MOR, ies 


report on the Lower Silurian Bryozoa, XIV,57; XVI, 11,116; XVIEGS2 
remarks on Cheirocrinus, Calceocrinus and descriptions of three 


new generic terms and one NeW SPECIES.............2-eseccceeeeceenconseese XIV, 104 
Wrconformities not ODSEENEMi: 2 te: .22 cece wos 3sSe speseetass os os wis epb esac ee eeeee eee XV,178 
Unconformity in*Penokee Gap) -.....-22..-..-.62.-.'.-se renee eee XVI, 191, 193; XVIH, 173 

AE ThesSall tics iccduc sects css oc cons cvaprcan tens cche sce eepenees oa «cceethaees vache ae XVI, 40 

MEAT NGS ATIHEEL to1.ncbesshosneevs sscbne epee > Wee emeereenet on oses XVI, 40, 44, 179, 185 

At TSH Pemitipese. ot .ceesccs n+ -2 20.0% /donkanstaces be sad tage peeno> watese eeecaas ceed XVI’ 46 

TeCop nized AULA SAPELiOT «1. .vcescressses- ss -.s8kgeeey s+ <s= ce eRe emask eve XVIII 113 

UE EG PSULOMt itt e a ws dee teas sa Fo ones nceene es += nate XVI, 322,323; XXPVSt 

at Guntlint lake) ...:..-.ccsss0ec++se-< 1X, 82; XVI, 69, 81, 253, 264, 268, 357 

between iron formations in Michigan.................. XVI, 44; X XI, 88, 89 

Potsdam’ onthe. DT acon: 55...<cceseoswes dosoy ope aeeapec son esate tees eee XVII, 51 

between Potsdam and marble near Richland, N. Y.............2...X XI, 108 

between Devonian and Silurians. 2.27 .2......:0svsesdeseanseo-0s28-sseteese eee ¥, 96 
Uniform subsidence of water along the coast of Lake Superiot............ XX, 285. 
Brida Co! (meteOrite) lie .t 2.2.20. seugen nkecse0 se ebipaneys0s 000 son ebeeen teoe peepee mm XIX, 176 
United States Coast and Geodetic Survey.........0.......sseseessesseeeeeeesceees XXIII, 108 

Geological Survey..............2220000 XVI, 144, 236; VIII, 173; XXIIL109 

Te ale Survey. cc. Yeccecnsocodoccthonauscsac cus ance veyens see cosas tsee seoR eee eae ea TVs ane 
University of Minnesota, latitude and longitude..............cccscssesseeseeeeneeee EVj 4505 
UWnsokyed pro bletis:scaccsecccasnece shee eee et tate sack teee tone oc= Sey Jat eneee meee mene XVII, 10, 64 
Upham, Warren, XV, 448; XVII, 14; XIV, 9; XX, 289; XXII, 2, 4, 37, 

eects di doe doghnrsk-ccauhaen Ww tas eh odesreivess erste 138, 147; XXIII, 2,49,69, 71 
catalopue of the flora of Minnesota. ::.2...-....:.2J.ccdesssseus-oseenoemene XII, — 

élevations furnished) Dy.c.<...20000.55.008..000sevnesn seuoves scents uasapeeen ene XVI, 462 

HELA OV OMe 53 foece ve ovinde octets sacentas wove shGuectenteus dune suectte r= anger eee eee XS 

lake Agassiz: A chapter in Glacial Geology.............cssesceeeeeeeees XI, 137 

lakes of Minnesota and their distribution according to Andreas’ 

ALIAS; cosscecccks dotapenas vocccsscoghabtotesteoescatooucte sbaeeneenia as eee atanamnmm IX, 249 
late Glacial or Champlain subsidence and re-elevation of the St. 
LA WLENCE TAVELNDASIN. .<..0.5c.s0rcbevwcercees sas gotemenn ees eieeiae XXIII, 156 

notes on the Geology of Minnehaha Co., Dakota...........s0000- XIII, 88 

notes of Rock-outcrops in Central Minnesota......cccccccseeeeeeeeeeeees ».@ =i) 

report of Glacial Drift and its terminal moraines..........++e1ee IX, 281 

report on the Geology of Centraland Western Minnesota....... Vili S70 

field work of 18933). cccccvcdstetestscoscsscccnyepeevtucdussiaccecremeanteryeeeenane XX; CLS 
topography of Central and Western Minnesota.........cccseeeeeees VILL, 3° 
Upper Cambrian, not fully investigated .......cceeeceeeeeees rangi Santen XXIV, xxv 
Upper Mississippi TEgiONl..<csivccesccsntesedsess>-s.esecunenbansseynans asks eeenene IX, L75y Xess 
Upper Silurian in Minnesota........ ‘Sede lucsssseccessdesdalistyire deuce cove umttents Crater I, 109 

not fully identified in the state............sccsssecceccscereessseses sonesees XXIV, xxv 
Upper Quinnesec falls, greenstOmes........ccccsseeeeeeeenseeeeeeeeeeenseneneeenes XXIII, 8, 15 
Upper Twin falls, greenstone ...i......secscesssreesersecessnacseseessenenges XXIII, 18, 20, 21 
Dralitic DriGi6S.......viscdendscccssseddecsnesscevevarb bp svevecsoupsuseanvuress tn qabiae yas his emma XVI, 264 
fi AGRE: sc stodhavasss veh copeevaiserssundiheeioveudvedusath ins Bi XV, 93, 94,174, 180; XXIV, 50 
Useful mineral substances at Rainy lake.......cccecssccsecseeeeeeneeeanerneeeens XXIII, 93 
Usual occurrence Of 1f0tt OF........scrscscccsscccnvccssscccesecsensccnenssteasssscevnessues XX, 141 


eo eee ee 


ee OS ee a, a eee ee Per RS ee ee 


. és 
oe 


Ps 


SS ee 


So SS CU. 


STATE GEOLOGIST. 275 

Valentine, Mr. —, acknowledgements to.............cccssssesscccnseecesensenerees IEG 8 

Silee ts) Ries SEAN ENE tes eaters 8 Seca deh wat Act paghde secschbas sean adaasss hosesaueffddqceeeehdenervsil XVI, 55 

Met OU E RL r tee ices Ade Poa, atanee ens <e<ca,<hecpaseacscsozstbonsdane i; dua oaepeeDE seater ae DU ais” 

pent fey ee BV CAMEL ELI tage Wet kel Ke Staces. -<- 2 vanmore can c tenon ceacctecckaass sonetuseceossnsnentedcsareoscd IX, 257 

Saree EsrA TE LCRA AUTEN Bled rc cea cnc co sae amcor Sosa pu cc Pst stents tsscaeaess cbs dase a oatetent XXIII, 202 

GOAN AECL AGH oe sce cate tene= fie eecas. cnovedistcevstacssdsctqavesse eens ste XIV, 123; XVI, 484, 491 
Van Hise, C. R., XV, 245; XVIII, 198; XX, 135; XXI, 17; 25, 31, 87, 88, 

nt a opO ELE RE CCC POL REE cc SoC 93, 94; XXII, 73, 161, 168; XXIII, 25,- 28 

GnrenlaceementsyOtinin SkAlSs. veceev<:cesetessacsc-ce Sesedemeleasavercineseseos XVIII, 205 

NEALE RCRTINE EN CLECEL s 5 0<3sideceet ss voces caaeep cess sseedebuduber son queee¥ideasdesees seeouecsevets XVIT, 62 

Seagal OL AC OI Giaa m5. < tan denenans (cn opaee dete cs wn tanwapannouaitsemeddenaa 70 note, 81 

MPO LALLOM EE OT: -c25. <2 25-2 steactocet sescech testator tence ats cue toes se eve XVIII, 106-7 note 

EATER VIER HES AC oo snc ebctnadosteccascsccethetscctacecaleeetunesvadesdbascases dusacevedaucchespbosdocns VI, 62 

\Wonra. Visa 2] gel fe ae sane eae rina Ae 5 Same tan Sane PEER acerca tse ol Oo (enn Mops 

Wenictivon Of the ma omitie-n Ce Gleicr.-sss..-nce seers sas-oseesenesesssscapesescossons XV, 16, 264 

Vegetation, aspects of in northern Minnesota.............scccccseseececereeeeeeess XVI, 135 

Tireha 5) ae (01 grb 2 ee Sen eC ARERR nce GLOMROE EEE er pr SCUar EEE a coe SCOCR cea oeCE EBC LEM toeer nt IVes 62 

SET EEN EG | Eco SERRE AROS COOAC SOKO CEL COC ECE ARBRE OCA CSD COATOR OC BAC EOHOES XXIII, 73 

Melts d ESCH ELON) Of- 220 ..ssccosascesesssos+cdosedasboesseosetsapeaecent NOV S642 XX 73 

TED SAGAN Oa a 8 ee Ne ene aan eens XXIII, -82 

THEE MEL OMS 6. <-. ss coeceea ee eeke cass Sa oeea sage Hecin comma etetcusidesrersnssecersee hese XVI, 156 

Geis CULT OF: vege coon sete ssccdeeut secede scectones XV, 197, 246; XVI, 264; XXIII, 40 

(BB EI FLEZ aed An PB ae St-aec nese) bobogaeBeoec Goede deeedce qeuce -Aagreuantcg open occone XVI, 148, 156 

Meniterbl.~ On lAStin gS SERIES, ...5.\eie seven snnoecdveceateenieectsevenceosaesstes seems OVI Si 

Werntlion. elect am hydrothermal fustOn....20.0.-.s-0ssas-e-ceesersececes¥renanees XVII, 35 

MELATISIELOM ICOM Enecl Wee wiaitiil, -25..s-cekebe caret sce sawssetaeescoseascces XXIV, 1, ° 43 

PHANSTEIOMMLO Mint hey agent AM -.20 scot: ceadecerescsssessschestscuscesr sees DOVAM Si '3) 
Vermilion group, XV, 4, 355; XVI, 69, 74, 95, 112. 310, 334, 366; XVII, 

iis re ek 19-31, 33, 48; 130) £50); SEV UN: 185) kexe) 5) NON “al, 21: 


Vermilion Lake, VII, 23; IX, 96; XIII, 8; XV, 292; XVI, 144, 331, 334. 
348) VIL, 13, 19, 245 40; 80, LOLs XVITL, 132) 1565175, 183; 


SECS LEEPER REECE 206) XOX al Oe 23. Si Dl ANG SEV silt 
rvs tallies clapaslateS:tec1a.5 scsv-sesce see soeces soe tescop sone sone-soncecramesonsorcaas X, 199 
CHL NCUES COW CLICS raetac sence = senna tect te enteeeeaa<tac sonday anes IX, 98; XXIII, 44, 147 
ALOT OLES: oos5cssccssceos Pe 25 XQVE DAT 2D 3" 232 X Villon ave oo 

iron district of....... XS OS XG 51 GO iOre x iesS 202 yaoi 
Pe Ce ene rem bat cf eee ae ed Sk 27.4230 
IronsRan oe- Of; . x. scacasscees<cdessecseeaces XV), 207 261 OVE s/ Sie ET 14.0 
TIPO HAUGH, oe cect nee casio dvcdemeeties sre hele caulienc ub sanaceuaesdaccente couasceame ie NEN cr Silt 
Prien Sten cls at tece secedcctus oles s meee ce ates ss crests stace Sse vaataaves eecy ep eenecs X VIL, 191 
EPH OL MO fora sec. occ anes canstencses stds tetwaccacs de casadnegecadsusavsdnsecasseesvesesuee DCW a ks} 7655 
SHUPMEUM GOL OLE mse. sree soe eect ase ook s Sy eaeeese oe seentttstices OL Sa LOMO 
CHOSE OE RRR: cn CeO OR ERERe & COE ACECREP EERE er ocO ee Brees IX, 96; XV, 275, 298 
ETUC Owens fans ros cbere css teats caceseecdenasvonsesnacbereeaes EX 967 XT 20) XX ol 
Vermilion river, [Canada] slate conglomerate near..............cseeeeeeeees XVIII, 54 
MenmGnit te OlOsiGall SHigueyiOl,..<.dererscsze.sss-saceqeresateresscoae=sscssseeenre cone XVIII, 157 
Werticall Abtibide Of DEUSt.ccase.cscces docdesceces<veotacauccccevsesnaens XVI, 330,338, 348, 357 
WAU INIACE . SS COMM Days Olt. stances xr ap = cos ysenaas owecopecvanacmenscnedeeadacs «ooseaesste rs sends XVIII, 104 
PRs eal: TIT emeracess 5! «cart attect ios <aceee cases tas eee cohen « dee Saaaaae 5 30 speaeteeca> as vescane XX, 163 
NT MNT KO sop oot eae syo os setae tenant ccs ccowscowsasuese+sccsaneess XVII, 115, 144; XXI, 127, 130 
\TRSLFE 2 (0 BS ee pein Sea OY Re eee et ee eR XIV, 123; XVI, 484, 491 


Werte (MC LEOGILE) casatasteas as cczastdatanrececce-cedees < oceusetedcbdee dqeosunsenavnctscsees Dil Dp fs} 


P 
276 TWENTY-FOURTH ANNUAL REPORT 
Vogdes, Lieut. A. W., donations to the museum........... cece eeeeeeeeeeeeeeees XI, 183 
a new trilobite (Bathyurus stonemanii)...................:eseceeseeeeeees XII, 8 
NWeghereitaiie Aafh o2 ji. 5-222c0n2. sabttkaePacaseunlesalatbitvacsscivlnmenees oh del XXI, 26; XXIII, 33 
Waconda (imeteorite) so... dirsctsescsceccostststsctesoecenstatebsbooces.sdeceasondccdmneeeen XIX, 182 
Wadsworth, M. E., cited, XXI, 16, 27, 55, 88, 93, 94; XVI, 47, 343; 
SIM tsk acse Mo sdtas vest uataaddvdnannasves XVII, 6, a ka 45; XXIII, 7, 8, 155, 230 
ASSISEAN EAI SUL CY2.t oy 0k oes. 30-2020 ree dc gese cussed deres: oo «Sse aes dee 3 eae VF a 
notes on the east shore of White Iron lake............cc. sce ssccsseee neers XV, 330 
Qe CONG OMECA LES. -socacnseve cc 200deadee ides ou. ane Ree ns <-2e eee ne seater XVEALSSZ 
WPT JASPUY LO: scat. abipa mens v0nsnwadatghisied aeadsd Mae gda sate bade I dos costae vee Vi, BOA 
ONT TIOR DEVE COs. ise ask cenafescruso ocagepensie suo) ancaaQtaWegts Ay devadep any sw adsa eee en 
Ae) bee 24 ee et eo CSS RN. MMR eS SRE LC SEL. X Vi 52 
MANGE. «x5 25 aces tect ckin tans seh to ns «une pee ash o> - bu se ene eee XVIII, 123; 130 
Wakefield’ Stearns COs ss ccs sec0cc2d4.s 2000. oct btbadeowsvs0. Sa aiar cde cee rato reso cee XI, 105 
Waraju river, limestone, potter’s clay, marl..................ssseesesevsveesee II, 183, 186 
PEL ee OUY DB) Ur Bre Pepe os eereeeee: Pecereeer eo E-Peeeees XIV, 71; XVII, 46, 49, 50 
Walcott; C. D., antagonizes Taconic. -.1..c..0.cri..c....titeeeaecespeossttengvonees XVIII, 83 
Walled) Laces. ari eiccde teeters. van Senta avadve~ac oaeAeet tots ois boos TREE eRe eae eve Caan WAI, £7 
W ArApt TIVET SCCUON C.. <22cseaccecciesncdes so daisdaqdena tess + +0++2ded@igiadaads ts 2: eee II, 185 
WW aa Chet FG With occ otoconia es aso Desa de one 3 cen Tov cden ee aon vs de oR ac tee XXII, 86 
WY eat NW 1015 Sos Seed oid acdc Sa eNesac.s doederadda o descedotectetean ve ss deoaeecane her cate se comes XXIII, 86 
Wears Prof, Tae Bis 5 6. Si ciu i vicas dc cuanvactsvvadacndgaated: ideuss swadeeuaaiess a2 tape IV, 124 
Warren's explorations near Pine lakes... .ctcsetevs<cst2--00s-00-asedsovseedgsaveeus XXIV, 54 
Weatren, Geer. gccds. cnt ceasiees saccesiesescdundsasedesstielssteteaschesvens tactt ick ea eee I, 33 
WAP OF MISSIGSIPPl LIVEN: 05252) sdeahoe 0c cbc pantes JodesUeeavasnbages bond seeaa V, 187 
theory of Big Stone lakes ic... 2:2 c5i.2.....ccusscdat odes cudeauisenadeaads Seen IX, 239 
Outlet Of dake Agassiz... .le.cc eps teecsslocchipsens'ccsast Rage vesenen seme XI, 148, 150 
Wrartet, ae ciiet.s0sss dsc cdeadeczstndctecdol ante udev oc 0s sete stvoteate ont terme teres XX, 181, 283 
Warrenton (tmeteOrite) 1.22.2. /32.s.ce0s--svacreasee ee. sooo etateses -tsovaeseseuessobu 67 7iEaaae XIX, 183 
Waseca’Co. terminal, Moraine tniesfiocc2 i. s.-20..55 st ces norsk ooo sop senene sees eee IX, 294 
Washbrrn. 03 motes Dyin es5 .ii.cset-cecossesees-0s0stxade-ttat oats dane ee eee XIV, 338 
Washington-Co. (mieteorite) 0052. a.iad.s.0s00eeieatcacasersouvovssevavaneoieses aeuateam XIX, 192 
Eon oF ei ee np PRR iE en PEE Pape Pee reser oS Pe IX, 262 
COT ING aie es ev k ov obese evabyevrangy>soBavionthinpstunceenns ste ee aenaee ee XVIII, 72 
Meh as eden eavtstspataca Pe et are anes sch deceed les ato ea XVIII, 166 
WRALAD 3) occcatscc acest eteete eae ec are Nee re dale Sieeones ebas oe RII X,.107; 184; XTX, Of 
ATI PILE—G MAFEZ—GiOTY COs cash fesoceneccccadacnsas ssnsevnnaneavencuapetocurersaaanemy © Bae f=: 
BY CMI tC—PTANILE. i... 0000 6. svasansadevesvessceneugestnsed echoes onbonnnineceteieeasaenm XI, 82 
Wiatabilake,.../52..cscsetessPealasshcnsnce ussmeoeeevanbescsssteudssscaitstshvaas sROnment ny eens XVI, 276 
PV AEC Tie ince si scaddaded salocareaaeusrtipdssaccdizasdesicls asco Mite patib costs’ s 51 ace meena aoe XI, 16 
ETAL Y SESS sev, sesccntageeeebnched MouPeepeapEelt ssi burashetyccnavesbun eke X, 206; XI, 16,172 
Biiaple LeSts s....6)-ccseseonesscvveduderusaducueesss cveuddenseversivers i gsuaehtiuteanaaiae . Lye, 
supply of the Red River valley..............scsssssessecscsseesenessence VI, 9; TX, 166 
Water power, at St. Anthony Fallls.........c0c..cccccsecceeceseerereceressecenerenrsnasenans V, 193 
at Koochichitig® falls: .s icici. deter danassthoesss scteeesassvekss +o Qhmuamnvas acta XXIII, 98 
itt Fillmore COUNCY.....:.csdccscdescdsosscsccssccacvosheedsevenceassesetedavnesstavsaeaer IV, 14 
ini Olmsted COUTIEW.....004 sues ssopncusverventioecesbsbusborutesnes sccuvanseliNsssueeneam IV, 64 
It Dodie COUNEP sss. .ivsiasstiesssVedevesccvessshossansteVseteussessc} sabeperCenceeeteae IV, 98 
int Steele COUNTY .osssc.ssccccssssssessnsccscsesscccenoessssoceessccecsenssseseundt tecaeeeee LV, 110 
Itt HOWBtON COUREY. ccesessdssviscassancctnnsvasrssosenbecbeb uses) cpneMhveNs «032 /eqnrmmame V5 ee 
in Henmepin COUNY......ccccccccscesseseeeescssssseeeesseseaccesceseneeescaseesensenevens V, 193 


in) MOLfiGON COUNLY .....scsececcnsvrncesevscdacovonndscnnvnscnsndecatustsessecuebsustsen VI, 65 


ee —— a a a 


— 


STATE GEOLOGIST. 277 

PHU ANU SC VA COUML Vacs 140 sladdties idsadeddedscacossiasds iacsascuddten sducsscesetereostas VI, 98 

AIPA CE COIL G Yiarder ees fo 2c dedacsc focevchcasetuogeh sat svescebewsteayesccbcoacct skews vanes VI, 116 

EDM FTI EL AIGGOHYAE Vio =.52acscascstsassscceacstcescessischcebs iecssepecotsevacs ote XIII, 89 

PEM AT UGH AMS cetepeet ist +-csssetesces satis ssbepeee acres sa oheseeevacacs ass deezaleneceess XXI, 116 

WEL EP Ouall es IN tesa DOM «sd edcnevessocue Jods sess dcadeds ssi sccadeTeicassaeteecotebent XVIII, 166 

WUE Ets aCe) er OiartOasrcO: MISEMMI 5-022.) 2. cc..32404cacdaesestsdoapootesceecets ste X, 145 

Wave marks in recomposed granite..............cccsescccceseesnes Py eee ty: MOL Vi LG 

WUVILEI SURES OTD DAY cc teateds-c---ccearscsdecdencadiacstesediecscoadd dddaderacssevs dos IX, 63; X, 48 

Wauswaugoning quartzyte............ OVIT, LSS 50) SL 64; XX 253 7 RO 5 

BUD aes [a eR Nas RETA Eee case eeeet saa casas Pele cas woesedaceeeeede tacaen ciedgunsacuds ths sbuwcdovesbetde IV, 14 

WCU EME AUD CIE BIGCAs. cceacetsessc.vecteOhs codes coer aearan acu dl eded sh aldnbatoeeebDe sevice seecs XIV, 348 
artesian, at Mendota, Hastings, Red Wing, Lake City and 

ERGONGIS Vi eRe rose eco ccev eens oo eecek wo eee eater e recnnnoeCoen toc Secueeceaal somes Sonn 55 

Seeasies \'Ghavelesch ahs SoReal peas AE Peco DOV? = excelGn 

PUASEMATAS 12 soe sees ot rs; MPM ER Ns wo ss EUR ches DaMeUOA NG ob eaccc has Se eeese ss SRV.) he 

BellesB laitier tect o..c...ccesecess ses cass caer se sbee ee tiotene I, 36; 11, 79; Vili, 102 

SR AIICEE 3 ccc sceee tot. ve DecerteNe coos: LET RO eee ETC eno ees race en odes Vise 28 

IBEECKENTIG 9 Osos. «<3 oan taente ss <zececseoee notin st cea ttewecevec’ deeacdenvaccenedoes VI, 15, 16 

PLO WHS! VANE Y cv. cceceer eet oe cere dopaw oss ca ocd dstaneddedesncn swede des XIV, 14 

EAI PDE GEALION .docceee asa sscedenae tae) adore taeananad den sede stndaos «esp subse nke Walis alt 

Gentil and western Minnesotarien ts... i-denrescdettoemetstosvevensah MITES tS 

deepywellsiat Sta tegReform’ Schoolt.:: .cccecsctessthccccsseosascedeeeshscueotes VI, 81 

ASCs Matin eA POLIS Aeeaet sesh sccuence enccuss thet aeueeeresndneeauseecoas vous on Seetwea dhe V, 154 

VALE Omsterss: so0sh-sessceasveshins cn dscobsnsctsabeasoeascomeesctevser ita ibsisriscessssthcsseat WA 25 

Teri ths atoyien Qfowaresna athe Ue annaen 18 eet ray th Mis 9 ae ee Re IV, 64 

1Rere| (Oy a aul Oo Bane seam anne Bepicrinn, Male \- otis apmad Bare ooh UREN PR And oe III, 160 

Gili MAOTie seve sscdoset ete sa stececdeseeesas eeeeeeee det dati daa add dace tea ee eah o Lavebaleg Sodees VI, 24 

ETCH PU COMME Ves. 55: tot Poet Pac neas Tesrene ete cabtetandidebtanen cos vo ssidobene when V,170 

1S VSR TiG ihe eter Bere is Date specs > On eases aS one REE SE SDRC Se WILT, LOZA XLV, 4s 

EV OUSEOIN CO MUL Ysera. 2: -- soc ste cc eeoee clap eeececce seek chor vesirbecteseens doukvces <oanks Win 'dalt 

7 GES a oer So Bot oy gM anes 9 RR MO te EVE 12 

lair FOL RAEES OM | C Omer s, ooeeee recs cbeee eteeeta nner eaebe detec ease XIII, 8, 41 

jyosepl.Goar’s place; near Morristown.....!.si..is.ces-.ssseascuntadessns XIV, 350 

iakewood Cemetery, Minneapolis .-...5.22-ccessctsee.cc0cernvodecnsean’e XI, -59 

WES EU Cay 8 eae eR Re heey ec arora teceer eecee SoAee nr PEPER r eoer Per OPER ERP prc een Dene MV eT S 

UO SFEC VO Wen acre ease ee 594 ao eeLERL LESTE REE PES EPPO XIV; 55 

Wicd byepinkeil) Ako Gales, case ss tras tae ee ee dee Me arene eae XIV, 14 

1 Fea a eve 0) 0] Ve ire nae ae ec yer DeIVial 1 aXe Dele xe, 

MEO OCA Gl: Sr ecrece se oe cana st sheeted Sattar a Seu se ohne shoo seactedctdossvdetee ete WI, 20; 23 

near the Mississippi-R. in Morrison Coy ........dccecccecsec ke rsctenceecas ee XI, 101 

OPHSLCO COL iiss Seek secee< Sri Toyo Renae eo ai bc RTRad Pa ss IV, 94 

RANTES EY CO U1 Layger sts es ssc cso seeet es coso¥ sod ow aeeee Cosh cose bbe al vat ade tle scaeeses VI, 88 

Rhedbaver, “yall eye stor nc =. sec eee canton skacecenenteeaes VI, 9; XI, 146; XDI, 46 

JES Cya Ef SR er sh Pe Bee E RECESS tae oti er PEPE PE POPE oPDEEE APY CRA ER AE ae: ie fe VI, 109 

Iroseiteld StAaEO ns: s32.c2spesassescsescscicas ses lesecosteszesbess4scheghaeee ccocow ses DVS eS 

SEED Re. aera Ss sass d eaMPSIUNNS Js Sad divans AGHA TEA cite cvdeadeeda de ote Sdboes DW aga) 

Sttediisielle/Spriti ps \;; 2-5 :eeacbes kus scse wie ss). coos ecbey-csteawecserdess sesuddeass- Nae 

SIGE PNY Creccreemeee sts «cs tacts MaTMAe sts cad de sets cn ccdcatse ads sel stkaeeses sses soedee DOO 

aU ea Cheers 5 sean eecee ccs seco epee ee ae tle stk vSeetas «ce aenaetn a stpahoc anaes « «oak oeac XIV, 351 

Aa Vae! [Dna o be | Aen ih ie Sn <a ee 5 ae eR 4 «ate Vik 26 

Ws atae@e tin tiygeere: . a35ics.sesvsadea sete tans co sets 621 dede risa: (11d NEC dan dodeedet Vis LG 

WV TtMNI Cece SRL EME cs Con oc ae ache. fos say aet «sede aeORenacd ot cebvtgsiesccsuserete ad Wily? 25 


278 STATE GEOLOGIST. 


Wiel ss <GEy aE ch comet Secon nsveoseenorer ep sas eiWe rn erea: siete ys Mepsiese> cs ce ramiaeevexcer years XXIII, 104 
YA ar Cas er 1 = es BR EC Se A Cry re Re BE Bet or. acc AZO 
West Batten a kee siesc3 ir. secesovescuvancnasneeoeacsnecterotnepisesse+scndarca-scenarercuserenes IX, 276 
Wes foriiee nieve la Cit tak Or. crare cere soncesus enna qeten~ qcamteeen a o-hacenetens -acaumee XXIII, 165 
Westen supertorelactal Makers. e.cccnre-reeccrr-ttrerartectoo" ss XXII, 54; XXIII, 164 - 
Wiest ical tl aicers...-s--s2-s0-nsneerer K, 88; XVI, 1355310, 331,333) 293; kee 
West Hotel, Minneapolis, deep well at..............00 Gs vck Se Rudeas~ion ts a paleo TV ee 
WESEOT AIMELEOTILE) fo: :--.-sreseprersteeSecseees eee ate voc anepe Davee oes eramreins- =~ eaereebeme XIX, 171 
WWest Sea ctlleljalkelae:.-cosscedensnesecessccceteestacteneyeey KVI, 293; XX, 83; XXIV, 23 
SET tr eC an ee eee ne a See e-Bay XXII, «19 
Whelpley, C. E., donations to Museum...i.....ccccecccececceeseceserrenes scive do Daag coaeeaa X, 145 
Whelpley, C. C., deep well drilled at Minneapolis Dy.............-cceeeeeeeeee neon X, 211 
WWiheESEOHEMMALCEIAIY ccs26. rs. ccsaecocts<osescuspersacresrces egeeenas tess spameneceec’. <- temmenars XV, 206 
BY apple Lakes. .-...-..0c5-ce<s. 0s acanchsoondacanpavecqaen>saeromemeehuas-« dUNRpaetee oe: Reeaeeee IX, 267 
VIC OMI) CoC OVA Cok cses eee cores coat motearssasenzcemenene morctseemne LV, 53,559,556 0k ee 
description ot Red Pipestone QUAEKY.. ...2.sccmtsrecs-+-c oneneenaer terete VI, 99 
BV tees ed secs sor degre is- oleate de xs-vcusstegheavateseeiebeatuntvederygeesetunest cP -eeeemane XXI; 142, 143 
White Iron Lake............. XV, 74, 176, 183, 191, 329; XVI, 104, 111, 328, $36 
BEC ATISEGI ee, see eeate rte ==+ - ob éceseewents coc eamemetc se3 <> +1 + aoe XVI, 330, 332, 335 
Wrhitetish rivet and! lalcess:>:2.0.ccspsese-osecoee areteeaposrs> » se ceeeeaneee XVIII, 122, 123, 130 
White Mountains, geology of, by Hunt. cc.a5.......:.--.scacecsranseness XVIII, 151, 152 
VariOuS OpiNiONS ON..............066 ent: 5 ee jecabddeepeeneess at XVIII, 164,note 
CEL EI bCH COCK OT se.a. 5.520 peak veo setae a assy es +04 -bacneeeeee wanes deem XVIII, 167 
Wihtteface aiivernccss:scctcceteatecs- ols toes pus dene t eSoc peste nUh avs sone vga se cena eee XXII, 31 
Wihitellaxicomcentrica scctpso.0. 05s <cdeseerecesase+tss-vvcvasccas++soeade sch vteeteceds praaaeemm XIX, 247 
praeccipta, Ulviclar:. -::.:.d:o-sro-stugeces 2<>+s-ppegeesp>s cae =0as peek eae XIX, 246 
Whittlesey, Col. Chas..,............ 1,35, 6637 X, 175, 195; XI, £0; X3enes 
XXIII, 117, 119, 136-188 141, 155 
Whitman, Allen: Report on Entomology............::sescccseeesesecceneees V, 90;-VI, 132 
VATE cD Sa donsashcdtn-dssdpaecases dassavaats saves tases: IV, 59; XXIII, 128, 130, 155, 198 
STOO ih lication nisi oe XVIII, 148 
ATOM CALLIN LOCKS sscccceseva ree ncociecns-cosste-obtsabs cn ateus Sen ete eentaeeeee XVIII, 143 
poy ny vat tye ( eae Sy eee ee er ere Cee Bo XVIII, 140 
OFIPII- OF 1FON OLES. .s.2...5deevceeceiees ppsantonvaceavne ther sneces ostMenmaene Seaenmd XVIII, 146 — 
CGuoted jxs..: Bars ¥Epuditos VapSs plsev her» +s sUnosbpveabiost och chvss 6? 1p ee aEemece eam XVIII, 90 
TEPIY CO LPAI ss. con. .0sthanwenets s+ <accvansagenone@tanke tos eee ra XVIII, 147 
FAX ON OMICEEADIEspccaeyoceces dooney cess ons vegcewce voce gavennes¥ sae dunes aaa XVIII, 140 
Whitney and Wadsworth on‘‘Azoic system”’............ XVI, 329; XVIID,66; 067 
Ot CUPPErONS TOCKS.. sce ceces en Noo oscc ceqteosvquestabereqouuueaaernevnieonee XVIII, 113 
WHIGHEGILE......iccecscccnaesesens oabvossonrt stbbenes xeeanccb sagsiligyicip ae tis sec cSeyntrxssemntan XI, 14 
Wachmetn: A.,,; CILEG:.\2h sysnsstyosssccesteieeseerch.- ob. sopsnunaterrosse sep: -¢:.tamanrranmm XVIII, £73 
Wis (Capt... cicccscssisssenptonaqanutee ItecMimansecngeacccorenWamsene cuteness XXI, 82, 83, 86 
Wie wanG’@ Locations ,......Gibesseccscsschetovedcosyoessvesezagvon ees py dtesvesey XXIII, 68) 69s ee 
WYO x, FLEAS cance acssee cbuvscoeetvatobiiay san>i cscenePits aly les) soe XVID 
SCABIES | Of «, viponscosadesavveconbeounsbbtsasdunsss ac cansaaeaaian cine «ss ttnmewns staat XXIII, 68 
Wil Rice RIEL... «cvvodss cM ave vcvvocs vevbedvatvoavis.sfesbduppeyssey) 500» rsph0heE hy keane LX; 222 
WV IIE SWAT VED... <sccavesdhPs ovcccwaveneders cote suetosacocscsdtcadenvertss es. cnGhhnney tas sian IX, 285 
AU TRUS EC paras oe. knteebasssn bcs MLAMAAY shame ries. o> ade Geo XV, 8650; XVIj 290; ae 
Willard, Mr. WoD., Explorations lWyyii........csceancecacensocectcengonan XVII, 7785, 90 
Williams, Henry S., regarding the age of sandrock at Austin, Mower 
COUNLYvicees oessvsisvecesessensaessonnss shake sisssessessp¥hasde os 0h<>s/eaQnnmrase> \ NE MIT AO 


STATE GEOLOGIST. 279 
Williams, GH .,) etted ../sa---:: XX, 22; XXI, 25, 40, 42, 49; X XIII, 4, 6-9, 
Res Tee eR seas geteccnetecateszataestttissces's L219. Que 2326, eo 
Dually entra se Ce PS co cee nna deep tities soceceteteassecavessd Reece ey Linea le etoert vc revccdeeee et XOX TM 155 
Williamson, A. W., derivation of Minnesota geographical names...... XIII, 104 
TAOS TG iad BSS) BaP aor Bee oni OCC ERO Cc COREE oe PoC Rr Coo Pe IX, 220, 236 
SUMS th ES SED ECL ID ot oeetee a: «seme ess cnd nese at dae vse contacts dcocns erst yutas ceurs dugernonsst ane te tits Ie 2 
Winchell, A., cited......... ROVAIT, QOXeEXT, N6s1'7 295 3tS5; 50,552 XXL 
Bee ee 5 eens. ne, ||, Sea kn Sars REN OO aes Meche oae 71; XXIV; xvii 
American opinion on the older rocks...........5....cseeeceeseseeeeeeeees XVIII, 65 
PNGHATERT KEASENICS 2 sstrerees ces ooo steerer ee eee cote Bee one deren eeabacnee. tobe dodcns XVI, 352 
ERAS SW OO CP AK ES ceeeet ce ccs sagetecascescaws ston tetas cnc cvtacadedeeacdesd anc tavesteoees XV, 92 
Botler aime Saltwell:s..: ccscccsccsese- 2 seoteeeseat ek koe ceaneneawenm an uecteaeIotvees 136 
Belle Plame saltewrell. nOtes Ome2, cosettesss 2c <ossaocce cad ancesondeks slcodeteneccs II, 80 
Boot lakelan diiwieinitiy-: cee tessccce- sees eat tes ne dsendece sul. scecusesenssthewees XV, 131 
SG Uni tagy- Tl ViGiaesaee <<< =-vesstesse<ccss sox ctaseetyets <2 se-steee neces: saute stneostieee XVI, 229 
ESERCTRES TUL etl allceseeys .: fc sextet secs cee nae ee ore aN wcrc eee eas DEV. 36 
RO AAs OMAK Caves ets w oainc ds Paces inst wne Seemann on = secee tenn e ta saccosdet sci oats sedans XV, 119 
completion of the study of Northern Minnesota....................... XV, 206 
eouclusions-on the Huronian in Canada. cevsec..<.s.-0%~0%.-+-csss0eess XVI, 169 
(Oe oT ee ns (2 ee sc a 0 a Re AP ea ae MVIESTS 
(Charro eta il El ive, ene 2s regen el RA 5 I Re ne RO Br XV, 110 
Pie lerNest lakes: sec cceecccssec. sect senctccsocdartamt eeseecasesaseceen sec secvenccet XV, 30 
economic products of Northeastern Minnesota...........ccccececeeee XV, 205 
Basi ptila ke! osceromiee sect sec~ x scotaccnsscen- cane Some a tee So aeue ese tectcadinesseons XV, 133 
TE OSUOva LEWES eho A Ca, Te npee t RPe ES occ Rane ra SE OVS ot 
EE PIGIVIERLOC Ss oie eee eee sos oo a oe ee Soe NEE ee ET ee oar XVI, 360 
TEM VU Ee ae oe eT tn le i Sa XV. 58 
i MER EMER eo cn ce acon cc ava ete eae ad vac an oe See en owas ot duane MOV Sd 
[Perea lepers 2 egg oe Re eee et ep CAME ER Ros PRR ot nee cane oe XV, 147 
Eir.@ OROCK® lak ek sete sc22. se esas oat sea cat tat st omordeseenedaoartedeeleccasetaeces XVI, 306 
Grell a saai rela years bere ee wa) Fal cag one nea ae ee an ee XV, 167 
Gardensake: ..ccccssccsss soasenaicerrsssudeaueiccsesseascece se secures totes DOS OLENA 7 
general summary of facts observed in 1887.................:2eceeeeeee XVI, 329 
Ceolopyaislandi (acm lake) \s ceeecats..c.<ccesecten-keaaonsee ces deeacenntacees MVE 83 
KERATT CCBAU Cee oat ce ss eae Ne Se 2 ERE he oo oe eee Base aera XVI, 226 
PLAMLOLan A, SHEISSIGTOCKS sacemeries <2: Jct cudst-tnesa-ss icc ins seetadenne dete XVI, 330 
CC iperpeelisatel calc Aso cog ate soee terete co, caer eee Leo cada See DN Ge BRET) 
Gan Bhnttlake from; into the imteriOr..c2cs-.sc.casse-ecSedecokeseecseek XVI, 262 
Bria ae baal ee 3. saat eae ot oeaa tcc Sore ena cose avon en Bene ee XV, 144 
Meri zared Clam tlc @ State oes aero co ret coo ake Soe Ee nnd a SA PE SOV Pals 
OEE 1S SRR ee OE on RE ato Se A Cer A eer to ae XV, 118 
amdeppsitsiwest Of Gui Wa’..2...5: ck ote. s bes octast lance -cade-abahe oe XVI, 266 
romances yinews Nake... eeeneseccs cots seictcsdns cocoss see saane «swaeeneete ss XVI, 304 
DES Se a CE ET S22 a Se OC eee XV, 148 
Keveatimn Senti-enystallinGeSGhistS::121:.-029:+---ast dacstec sds Jocsettoesces ons MVE S36 
etniteae: Soc sy teneeenwes so -2dc Poet ssese ase cece: Se pipettes vest ate MV, 14.2; VI, 197 
gon ag tal (Fi RNR CRE ioe a ee me i SR MVGe Se 
Toone gr, 5.0 grteees- a ee eee, oe XVI, 299 
IMM AR CUEURC. sShareettta.ce nd ace ends cores antes sncc0 Roeeatetass + sovdentcnss) <«deeaee XVI, 182 
IMG Ei so aarizn es rtiiete. <. 55.5 cee aeeete es feos oeea os een so 0 sae ehe sah soe DS Vile eis 
We a1 ee ee eg ee, © a ek MOV, VOAX VE ZS 
MiG etter, la kegs ae, ee ees ae I 8 EM oad dese eeevade lo Tee XVI, 279 


280 TWENTY-FOURTH ANNUAL REPORT 
INETISCOWAGO sccstes esas rata ce tae cec ve Gabeho toe enen emt enor oné Lda teaeatc on Seseore eee XXI, 146 
Maud creek and lake 2a) 2. oc. cscsccsnccbue co cdteiteet oun 'ssdeesasul acess devas XV,.26 
New Found lake............... Be RELA sev ecec Neb eo os nites «ds So SEE XVI, 121 
MOrth lakeside eects A ee eats aces Saat dns oo s Hedzaae enone eee eee XVI, 270 
ie Cec bloke So yd le eR cep ma Rie PEs eR 5535 SEES SEE Bee XVI, 283 
Obseryations in other regions outside of Minnesota............... XVI, 171 
Observations in the typical Huronian region, Canada............ XVI, 145 
Observations between Tower and Pseudo-Messer lake............ XVI, 195 
Opiate Miancie aes... -. «ssc sectocne-+<+.c0eipaaees + -ncsatenpes XV, 156; XVI, 345 
Beta kee Gap eich iced ass sss. 0d accnvessdadasene 2 edeeneeetdodeshdaterares 4.07 eee XVI, 189 
Pip Get LEVEE is 102 -cretterwcs~-+ sae bon eb sp apwetoosejeeeeepe~ ts soa entas3e cane XVI, 288 
Pirie ake. sy 22sisac. cceetetaescscocsePescepadas cies ssccusmmdatses sda sassceipnss steseaeeeees XVI, 229 
POS Y LEM ag horees-<nnancrenbessns os cureeneeoe Seer eer Beare i XV, 159 
Provisional interpretation (of geology of northern Minn.)....... XV, 172 
Pseudo= Messer lake. iikicssicssncsssuteosnce oes cootdenedve sess secttetet ne: cee XVI, 196 
Quoted On Pray Wake rini....c.c10dedeseorass-ondvageeers-r#tnesoereetasaee XXI, 21,, 22 
RAE AKG oes ccacse tice ocsstactocden s0esee cope aederecse0s4.0ddee eigasschesddbaaee teens eee XVI, 274 
Red Rock lake......:.... PAB ada Sccheaseeeohes: 5000 Joa eee XVI, 292 
report of geological survey in Minnesota in 1886.............-.+000 XW;.23 
report of geological survey in Minnesota in 1887.................. XVI, 133 
result of Mr. Stacy’s obset-vationS.........2<0:.ccossesesssevesecnvece ceneaey XVI, 265 
result of the Archzean field studies:ct....2....0.<cesesrasseseenc reo seecpeeuen XVI, 364 
reflections on the geology of Gun Flint lake and vicinity........ XVI, 268 
IROSCMAKE2 22 sec ctedeetocasicctbetascha ster scosettnapnceets scce jecctpaadseblseeesecoe ee XVI, 274 
Rowe Waker sicnvcece ct torsos cn dove as cud ew anes Se ooeeatetbe eb ac cathe che Pace aneees cone mann XVI, 276 
TOCK1dentificaeOns. 2.52.20 .czeeccncdocs o2s8ondaduas caadetsoadaoasesuce suds eereeetaete SVG ates, 
Saganaga lake... si... s0cc..cns.ce-sesnuneudovscnagennaveccededensosensaaqaseuns seteaaae XVI,211 
Saganaga lake, map Of.............s00c.sscsseessoedecoroesseessseoneneee ng ararans XVI, 218 
Sand Jake and wicinttiy ccctcct:.05.2000+-.-+-0-4eksaues-0sooceebepearstas>s <= XV, 28 
Demo TAKE: 5.5. sides scessevesstcvssceeveses «sss denspatte susan sieokte denere sae XVI, 295 
Sotth fave 2 scis.2c.seskctovacsccocacossc caus avon Jondanedstt ons ch cote reer eee aan XVI, 272 
Sorith (PoGwi lakers :c: soko. -0sSaccszcsesatcs ceqevasveessSesne opeedteneee aaa XVI, 284 
Snowbank lake .2ic.... cibckeciebascsetdonaeccvick -usssvavveasdeansned pen eteser seers XV, 124 
Srekker 1a Ke sivisciscve Fe svcs dv ceteeadccss» Sn deqokneviveseceneoss re ae aera s/c eae XV, 140 
Summary of observations (on northern Minn.).........0:::seeeeeees XV, 172 
Systematic results of the Archzean field-studies................. see VI, 364 
"THOMAS TAKE). bis oc. cies .ccccececvsess~sso0-340tdussvecenens dduscadchsomeeen eee hte XV, 145 
Town lite ake sc cde ci 225 .ietatevschsiasecctcapeess coasccedses seh cenee mee se tmaaamn XVI, 314 
Wiel th TOC Gav oucvs cava lacks: lancetsdaes dpoeva+ssbenbdtecasssnceweds sasadcemnattt te mm XVI, 364 
Wermilion 1a Ke side. sgeecdnccccoreccbows coos conscbebbteweodh ep hweeie ss siieeaan ss inna XV, 18 
Vermilion crystalline schists.............ccecccssssessenesscsnepansonssouseppase NVI, 334 
Views on Primitive Geologic histOry...........+..cccccsesssercensscesesses XVI, 367 
. 4S Mitnegp ta? rOCKBs i.e: +5... .scesesoedretoces onc -scanypeerensteeen XVIII, 179 
West Seagull lake..........cccscssessssccsccssccsasessvessecccccccenensnnsscevebuneags XVI, 293 
Write Irons Lake. goisecc ices cds csssstsconposcocdabettpevervucboos «<b egaemersnshpyei nanan XV, 74 
WOtider [slandsAh.....icspcvccccdsvedesssscocsscncsttanssyecnssisenadseisoocsteanene XVI, 220 
Petal LAKE. ..sccihvaiidles csssersvcanse¥etse0e3s0e0bocncnspassehytnys i++) sceteeceven mama XIV, 321 
STTICHOL: AGiIM noc. scald dency tnceveadsecceeniiwragvecsrecs¥opapibeaadeedy ap XXII, 22, 68, 69, 134 


Winchell, H.V., XIV, 7; XVIII, 13; XXI, 17,30; XXII, 4, 29, 35, 50, 68,71, 


74, 96, 98, 100, 122, 160, 162; XXIII, 2, 37, 120, 137, © 


pisses SusepeWesnscveusugntnvuevwahas bs Live sinc oNepiiniesh x15 cnsastteeee 165, 220; X, 
ACKNOWIEAGEMENES tO.......scccseccrrecccnseerenecseneecsersconscccesscssessesseesans 1X, oe 


‘ 
7 
. 
‘ 
: 


STATE GEOLOGIST. j 281 


assistance in examination Of iron MiN€S...............sseeecseeeeeseeee XVIII, 28 

a dita EHEISHEV CY. sccsctes acest se assasieeavescoses XT? LATOR | SiN ee 

GOMECEOLIOLE LOS SUIS esa ss cca see taste 65 sc cee eda ales dun ddatecavoes spotuneaes debs > cobs TY, 122 

CALA ASICASC INS CSeetias Jose teeta feces ac toet Gvdeen swat Se deaen idee boride .seeees XVI; 2 

OHA ONSTOVEHEMIATISE Ul ItTissece) oc. si cscctecea ces +s cadsnecdt ot rareosttesadepeay cers XI, 183 

GlEVATION See LE GMNINed so decdic. teens. cotessact as hesetec sane duet cescncosdatesondenes XVII, 144 

field woLleandmeport Of Sande; ..:04s22ledeccsjos-s-nbvasersetcdeenseocsceenes XVI LO 
historical sketch of the discovery of mineral deposits in the Lake 

SePOLL Ole P10 flcaeeseceshcesscer Mie ee cnce~- os sedeaesdsssceedesecsetbe XXITI, 116 

list of rocks collected by................ XV, 275,413; XVI, 464; XVII, 135 

Wiesa bielson, Ratt & Crs 0... tee ose jueves. ae pee eats nee dav overage babe searse sees xe op 

EVA SCOWAG Osc ceeieites 0c faccedeent ron /Jsnc setts ante ascssaeene kate sasenvcmends XX, 146, 152 

MOLES WOTOEs ly WGI ethic... cgeseeanetas neck seine. ce - setesea cease sss te sasavseseeouee oe XV, 304: 

‘ Of TECONMOISSATICES hixee ks. poeta oe reece nos secs et noseeeeseonte eee XV, 401 

FEPOEol GOSEF VATION MESS (:. cuseaeer<.suaredidecenssaceennaessseoseranes- XVI, 396 

“ % SB BS eeteerts cts Seton uod bestacer wbesertenes VI ae 
Winchell; Nevis, ..:2.2--<..- XXII, 15, 17, 27, 29, 31, 35, 40, 41,42, 50, 55, 55, 


146; XXII, 4, 23, 24, 29, 35, 61, 67, 68, 71, 72, 150, 158, 
160, 166, 167, 175, 176; XXIII, 3, 7, 44, 103, 112,142, 


Se ORNS canes sua eee t aaa tures nea 2 SMe gehen ert cbaneen ee te 155, 165, 167, 182, 190 

alloy of copper and silver ore from the north shore of L. Superior 
DO 3a 5s oR Oe Soe 8 CoAT So saad SIRE PCR en Mente bieteke XIV, 319 
ANCEOLOECA CIN OS bypent cess. cscantece tees cece eeeaer as oe Setecacmbecant aoaaet Soecwee XV, 382 
base of the upper series of the Keweenawan..............::0000c20 XXIV, 33 
BellepBlaine saltcwelles cc. G bles ort~ hone Pate eee etec Oe eetee eats Sasccesee: It 79; +82. 
bibliography of the mineralogy of Minnesota................:::00eceeee NIG 
go aE CL CELL Tee he eae ee ee RN caso ER HO V, 64 
SELES OA onc coc cser ee teed seas stad teeta san teeeen oot ance Does ee sonae shee ae NOR LN 3 Pa 
Carltomconrtys MOtes tls (ho ees ces secetooee do eecen es. oo- wee tees XXIV, 39 
Castoroides ohioensis at Minneapolis..............:cceseeeeeseeeeeeee WITT, 181 
Collection OffOSSINS., ..--ceesove- costes coe voce cnc ovecoeoedh oes faces sechepesccunescces LX, 122 

collection of rocks...... TX WO DEG “XENI SO ROV, SSG VIL AL. 
Lcsscsosdeetonee ROK A 5S AVA, 59) XOX SS RELIG SEO, 288 
communication regarding the U. S. geological survey............. VILL, 173 
comparative strength of Minnesotaand New Englandgranites, XII, 14 
conclusions respecting the original Huronian...............:..:00000 VL SG 
Gli pEtieLOUS; SEL1es Ais MAN NESOLA.s...--5-s0e-eecns2eeeeenes~opeee aves s<teoses'ooooan IX, 385 
couvlomerate of startz 1Slamdt.e.s1.0ccccn.ccteoo8 01800 -o- 00s08e coc osees KOM Sal 
conglomerates in crystalline horizons...................0000008 XVIII, 185, 186 
Chrys TFOGCKS oo. cers. sesctereetesccdss sishasaeebeeess Rone RV lee Die EL es 
PONAMOETS EGsEHe MITISETIEIEe ee <0 oc cocoa coe e ecco tease ote eet ocd seteteaeekaswes X, 183 
Sy aUtle LOMO veda ces acs sesstete see sks soe ses seeaseacce ed deant oaee neoas teeeenere.d eh UL AO 
equivalences ambMinneSO tales: s...:.0-0<ccsssdcsis<tcccdeadaetdoceeees XVIII, 179, 185 
examinations 1m Goodhueveounty ...0.20y.. 52 .ctsch- sthccsssonsceresesos000s0Gne VI, 44 
= along the Northern. PacthciRaih es... -..c..00.sc--.+-: seoses VI, 45 
exhibit of the survey at the Columbian Exposition............... XXIT, 201 
explorationsion the northern boundary.:......<0-...cte0..-0.02--0ceres XVI, 143 
helditiotes tH RkS 90, KEK. 29i5 it TSS8 0-22. 2.t....s.sstecnnasva.scadead RW ERG iZ 
gabbro, andi sills of thejAmimiikte 2. 212.0. <-.-2sseccsos++-ecceense0h<nabaee XXVI, 24 
geological excursion and notes On SAME.............sseceeeececeeeeees XVI). 55 
geological report............... BEDE BE ROR BEORLC oF CAPR) eee ee cee XV, 211 
ere Oleveny OL EMMUHIOLe COUMEV: 3 ic-ccops2ie <0 scgateet tases anacdosasees -eesnetmavers es IV, 13 


tb 
ho 


TWENTY-FOURTH ANNUAL REPORT 


Of BreebOrntcOu ning: s-ssse.ccs-¢escembers~secoe8 eaisteahs este eeeasemeee Ill, 148 
OMENS pINICOMNLY ea wecites aasesceeneteesaoss:-ceereceees inte sencee ear Ve oiow 
ofthe! Minnesota wwallley. si .c..---cmteseecss <o2oacdege Joos seo eomaneeeeee II, 127 
of the Minnesota! taivetier. s.csce-4scsstects sre .ceteiens sone tenes ee XVIII, 175 
of Mower county........... grreceeeeeeteeeeeceseeneeeeeeeeeeseel ®..-..5.-- LUTE 
Of Morrisaayeopin tys..cc:. s2ts-s02sosekernecc><cocenense: 5:5 antenna caeee VI, 50 
Of RAM Sey COUNEYA 6 acncvedvsesacsscenugnenssto.Seducacs cco teeae nem Fen) en 5X e) 
of, Rock and Pipestone) COUMEIES chose. 2....s ecdeees-so-s-oeeeeceeeat VI, 93 
of the deep well at ‘‘C’’ Washburn mill, Minneapolis.....X, 211 
Placialdirections observed ini 1S87.,... cereus. ottsstersas. 01. cea XVI, 113 
RETAIL Cass « cx eaoon one vie tan catcissi cs vet Puen owes Maem EEe Na aeeME eens oa X XI, 35,436 
PLOUPS OLiCLY SEAMING TOCKS. .recpactsanee.cocrsteeeenre> poe ssre XIII, 140; XX, 17 
historical sketch and list of ptlblicationS.32-e..)...cstesuecbss--stceeenseoeees [, 22 
HEH OlO mysON tHe: Statekees.n.s..8-seacins oe <t-bs =e geeementon > connmentiiec: «(seme VIII, 18 
minerals and mineral localities in Minnesota...............sssseeeeeeeeee ol es 
nature of the transitions of the Coutchiching................... XXIV,1, 43 
new ‘species’of fossils.................0+ VII, 6035 1X4 115); XM, GSPony rade 


note on age of the rocks of the Mesabi and Vermilion districts, XI, 168 
on translation of Boricky’s micro-chemical methods...XIX, 54 


regarding the fossil elephant of Winona county.......... XII, 148 
on some deep wells in Minnesota..............c...seecee0ees XIV, 11 348 
Ogislike/conclommerdte,....tores.-rcs-besbeeeerolgs tvs. -+-utienaterans seen tem XVIIT, 178 
relations to the Saganaga granite..............:.ccccceennones DO. 4 Inn bri 
POTIONS) OF vce ee tec Oo seeas «os engntrsc de dap cone PNAS snes ooc Ae XVIII, 175 seq 
Oniainvor Archean tere enStOnesy.c-c--...-etueser- ore se'-s onsaeen=teneeeeh eee XXIII, 4 
OXide Of MANGANESE... \..<.phsesiseescbe case + scctoap ens svscekccgemaun enema tat cee XX, 321 
Paleontology: notes on fossils of the Trenton limestone............. V, or 
positional Opishke conplomerate:.......scssp.cos-c-toeysenenseeeee XVIII, 186-7 
problemssoutstandin py ire. ..c1.-scanecn sc cscucndeseceindscweeuceaeeeersec wane XVIII, 187 
Botsdati Sandstone. .scoccacevsceccseatesssecvssseveonncseescccceteausmerc: cose PG 0, 
AI LESSON MTU sea vastness sheen teeeeaiayeen's4s ueteenhesN ate eee cee XXIII, 215 
recomposed granite at Saganaga Lake...............sscccccsseereesees XXIV, 19 
reconnoissances into Witslth COM ccc. <c.--ece- es honeeeeneneeenn et enamel VI, 43 
y° £0 RICE COUR Y :.wcaeee dccsns ovectheoe +» daseerepeehons se evmenR VI, 43 
TEPOUE Ovi sietivccasacosagnsgoes savbegedbsosrecccsteeienteceae cede cssintecteMeRst rece Mane D.@.4 amy (.°) 
report on the mineralogy of MinnesOta.....::cicstiascscsadptechesse5 Out Xe 
on the general museum...... IV, 128; V, 2025 sVi. 159 Saviors 


A6; VIII, 27; IX, 123; X, 145; XDj183; 2S 
MII, 74; NIV, 125; RVI, 27; SX, WSS ees 


SySE ING cots casnateeeetn tack cs «sk admins 324; XXII, 190; XXIII, 234 
on the palaeontology of the Trenton and Hudson River 
formations iin MinneSOtAs.. |..csc.cscesecccstacevesveeeay VIII, 60; TRV216 
ONVPCAE:. 5s cvevccysescodeasepasvsuvacccaos deveaiysvushi sobs ss TOMmmNRn Neen hnnmnm II, 88 
of progress on the crystalline rocks of Minnesota...... XV ilo 

revision of the stratigraphy of the Cambrian in Minnesota....XIV, 325 
Puck wine MONSIGMErAtLES, ssiver.ccresscedecoccrystbocaveyey vscsaubenounbara XXIV, 34 
sections of the rocks of the Cupriferous series in Minnesota........ MPa 
Bi Pl LEStS Of WATE ..s,depvivets dae ial aveeesdssogiioagsndhsvetoncussbeRiaecrsa nan LX, 170 
sketch of the work of the season, 1878......:sccecssscccvcstsssvcessensecs VII; 9 
sketch of the geology of Minnesota........cssssreecsscorccvensudssccecsnaesSeeuny I, 66 
Snowbank L, 11 1897, RALV, 48% in LEOB i ,. .vwissevseeuresevvaks XXIV, 66 


BOME PEMETAlCOMCIUSIONS css s.sosacnsscccsesovys0ssbasinesaboohonBPsASEAVENN ape XVIII, 185 


STATE GEOLOGIST. 283 


SOME PLODleEMIS Ol VIESA Ni AKOM OLE) teexevccasossecuiectessdcnccsasetcedeves XXI, 134 
SUCCESSION Oli O CK Sutece nce: deacsewin ens .accauctonticurtas sac nctaendevoaess aera iene XVIII, 179 
PR ARVLO Sy all Sts eeeameerors scsoe ccosontene todas iccateestc ot eseaches tees X,117; XXIV, 44 
Palle: ofieqituyalenmcesecs--...-ccvercsec «case sneattactearscosscsctvaisccssestoste XVIII, 182-3 
GHG, COG aA CONT Ctr casee ss one cusearcas teoserconedorste sac cohssesnedoUacevs'anecetand XVIII, 184 
LECOLE DS RCA SCORCHED oc RARER OSE SRBC C SEC CE Se Rae een eee OVD Te Ina 
Ehinisectious) Of, GupriferOus TOCKS::.ccsscsercccevcesevrdaccereacesscecters XVIII, 187 
translation of Kloos’ observations in Minnesota......... Me omens 7 OO 
WAEEE Stipply, Of Pued River Valley <.ccrclessccncoessssdoesveccdeceadelsasentaevess Wilsons) 
THE Mul cllne...s-cenesss.. nc svteeouss sco sete naetncbectauesetoeategvsceees: XVII, 174, 176, 178, 193 
DVI Met tener. c cttecen'. acdecaieps cae cSeeecs osdacuawecudenetoe. bcos Stenesenucecss x, 1003 XX, 92 
WirsitebiasO; COs (IMEECOLIEC))s...: Senden ccs <sdoveencenteaeces-nehinnsetce dnachcacercoesed XIX, 188 
PRUA AY SISOleoe sc ode adeaae neon ns oneeenn sd cosese (aaenetese ass Seco tuaataa steemenese ss XXII, 207 
Winnebigoshish lake............ Us Ieee ee ec ase nae tmetaes TX 232+ XOVIL 437; SOX 32 
NUVHETITEE OLA Keres oc. -.sccedcccurtac os cscdisecessccscscsecechepeucss XI, 141, 146, 153; XXII, 42 
Winneniaveo.. otes On the Mollusea- Of; . aoceccc. cccvonctcttnecctoeedscceedecesscecses XVI, 485 
HO CKSSCCEI OM oes silos eee ee cask op es oe Soe eee bs eee ates eee sacetenees I, 78, 97 
AM tayialbtera CES! ..5...ceddeatet ache: ccsatdsetees coscuetetaoee. neseaMueavecdaeshooseses TVEEG 
MUTTON OSA OT C1SSe- seyacas. Ses - 3s. scot seucaheetasesccastestesest os sa ceseneeews fxcuinstechovisqcseet XVIII, 158 
WU TNTI STE dice encde ead OCncE Can eee en Soe oe REEE REE coir nace TX, 104; XX, 272: XXIII, 44 
Wineunopuninie, neat lsh pemingy Mich ’....1....-5-scsccseeds--<ersceosescoceceseone- SOG Sin 
UNE eae ONCE TTL Tie eons nes so occ s cee etna e os aoe ae tea. SE tose mophcloe we sea se eis ons XVI, 276 
Wisconsin stage of glacial period rE eet et occs Bee vest aces, aeons XX XIII, 103 
VRS eerie Tey ean a aa ee XV, 147; 148 
VU NE SEOUL 505 CAREC EE ERE Or tear Sec PERE in oe CCUEE SERRA Er pce Cer SERRE EE CEE Eee eEE REECE ee XIE oS 
Ruri Chotnts] an Glist:.....cscs-caassieeeesace.cofetetanes.carestoeees XVI, 217, 219, 296, 34:9, 368 
DNC IM et Oe een occ oe sce nicoseaken vede ads dad ee tare nas even sceeeas Pes woe TaN Coe oane bss wedestoosas XV, 99 
Vo AMEN E HIDE TERA vc ccba ce oxcasecsoar cas ranet as oecoha na tasteaetmoc naan anda daseieeeetic es NODLE DOG 17 
MMO CRP AOS TO fist OI 11MESS, /o2.teaticerosacess4.2ceee su cceseetoeteseesdeceeoscuesenssdseees XX, 114 
Tiviqyotals 1 (il Sean: an ane So eRe =: 8 SC aE RRR Cer XX, 44, 43; XOXTIE, 155 
WMG GGL. No vi etccs: saodapectocte SooccccnSBotIo: acc ROGS" Her se gCEGBOD SOL ECC EcODSoACEONHRBOCOOGES XXIII, 140 
Mancdsrot Miunnesota any Ele) BD wAYhess ec... -tieseccockens-sseuscerocs-wesorcousoess XIX, 128 
Woodward, A. (and Thomas B.) onthe foraminifera of boulder-clay from a 
Well -siatt Of Meeker, C Orsq-.<-i<sasdee sn econcs sc ccecocsen tones cersastecenaciwess XIII, 164 
MIONOS LA Di csessassns das cacessnutuecesseasessssnccennecaSassty ees ss XG VT 2 RON a 2 
WOO chy Gs oATIEN OLY cis sccosccccseresteesvoctsohes cach os vac eaatsoenutets esebeecueeetaeessinns’ Oe 2 
Bibliography of the Poraminiferas.<...<.c-s.s..-.0cs0---0--ssesccroncesess- XIV, 167 
DONA GAG Claw AWE noes sien cc ccens cevantenecons sdutecaecessscedee seus seuscercensteitesseete se XIV, 155, 164 
WMO Teale ot OP PGE sv ocoate teense aes shes ee Gusemenecwa seri csoeeag estate caxdendesccosnctcsceepbae suey MAG ala US 
Worlds! xposition at New Orleangit i... 22. secsctecacsonessee+sensecwnssssescseenes Gl Ione 
Wir terial COA KES:, .. ckeesecdseccesesaostesterieces tenn: Uecdoteacsssnucescsccosch sonconeameseees IX, 260 
FECOUMOISATICEMTEO sa292 const «taste tees sade os Sones ec alii VI, 43 
Wright, Charles E., cited....... OVE 71 eV MI V99 SLOG eR TEL; LAST ASS 
VRS Sg Be C0 9 SE rnc occa Pe EPR eReR CEP EE CAPER De XXII, 63; X XW ATL 
Bel noua Es ip He RAC Ti eeeee oe fates sa ax Mots ak oes scca cou toasneedtenme sees: svaewetevecs ves deans IX, 240 
Wella Wiemtemien i iwetee. ss. cn !: say leeeic. do< ck sande sco urecdin casos jodeeeaueescsacenseate IX, 24.2 
Wencian (CMEC AACE Cates cectecs ua sedcote eet mcte nes «veges euccseeddetersssscstebetereassccs XXII, 179 
RESELL UI AK Cramer rece: caceiecc aise oe cad--a'cvarter-<bosatenchaccs svedenonescossesugeecess X, 103 
MABALECASEIMELCOLILE) Mitetasssnak cate cane ctavac os cessed in eccwe's sdetckean sas oczontens Ja>s scenes XIX, 171 
PPTIREEIAITI TEL Cee 250k RE, « covet ohn aeeewsesiacroescSeabes ap casecaice's Jans secetiere ooosscnaamed Veiga OD 
ACOlbe, AS! Aleta TIOM Ole PIAS 1OClASGi.c..+cnc<cacaa2-.cccesteaese++sepenetenesce sree XXIV, 149 


Heolites at Grand) MaTraiSs..c.ccccscescsss sees cescsrdsssee VIL, 166)- 5S, 52 )sexT, 23. a ty A@l 


oe 
* 


na 
TC 

“f af 
oy ' 
He i 


w% 4 
h 
¥ : 
* 
At S 
; 
Ca 
7 s, 
4 
, 
Le 3 ) 
* 
j P 
/ 
' 


Zirkel, Prof. Byes... 
Zoological specimens in the museum.. 
Zumbro river Bee Sos ; 


TARR eee ee eaten enon tweens 


“/ 


* 
ws toe 
’ 
Bits 
t 
° * 
: 
ye 
“ 
, a 
i ra 
‘ 14 
‘ =. 
=~ ha 
sey 
3% 
et 
i ba 
hl 
‘ 
, 
‘ 
s 
* .- 
v 
. . 
a! 
~ 
’ 
i 
: 
* 


eee eeeeee 


open Soy ty 


STATE GEOLOGIST. 


EPRICE LIST OF THE 
PUBLICATIONS OF THE GEOLOGICAL AND NATURAL 
HISTORY SURVEY OF MINNESOTA 


The publications of the Survey are distributed gratuitously to certain 
libraries and workers in special lines; otherwise they are sold at merely nomi- 
nal prices. A few of the publications are out of print, of others only a small 
supply remains, while of others a considerable supply is now on hand. They 
will be sent by mail on receipt of the prices indicated below, except when out 
of print. Address N. H. WINCHELL, State Geologist, Minneapolis, Minn. 


I. ANNUAL REPORTS. 
(Destributed by the State Geologist.) 


THe First ANNUAL REPORT FOR 1872. 112 pp., 8vo.; with a colored map of 
the state. By N. H. Winchell. Publiched in the Regents’ Report for 1872; 
contains a sketch of the geology of the state, as then known, and a list of 
earlier reports. Second edition (1884) identical. 15 cents. 

THE SECOND ANNUAL REPORT, FOR 1873. 145 pp., 8vo.; with illustrations. 
By N. H. Winchell and S. F. Peckam. Published in the Regents’ Report 
for 1873. Second edition (1893) identical. 15 cents. 

THE THIRD ANNUAL REPORT, FOR 1874. 42 pp., Svo.; with two county 
maps. By N. H. Winchell. Published in the Regents’ Report for 1874, 
Second edition (1894) identical. 10 cents. , 

THE FourTH ANNUAL RFPORT, FOR 1875. 162 pp., 8vo.; with four county 
mnaps and a number of other illustrations. By N. H. Winchell, assisted by 
M. W. Harrington. Also in the Regents’ Report for 1875. Out of print. 
16 cents. 

THE Firth: ANNUAL REPORT, FOR 1876. 248 pp., 8vo.; four colored maps 
and several other illustrations. By N.H. Winchell; with reports on Chem- 
istry, by S. F. Peckham; Ornithology, by P. L. Hatch; Entomology, by 
Allen Whitman; and of Fungi, by A. E. Johnson. Also in the Regents’ 
Report for 1876. Out ofprint. 20cents. 

THE SixtH ANNUAL REPORT, FOR 1877. 226 pp., 8vo.; three geological 
maps and several other illustrations. By N. H. Winchell; with reports on 
Chemical analyses, by S. F. Peckham; on Ornithology, by P. L. Hatch; 
Entomology, by Allen Whitman; and on the Geology of Rice County, by L. 
B. Sperry. Also in the Regents’ Report for 1877. Out of print. 20 cents. 

THE SEVENTH ANNUAL REPORT, FOR 1878. 123 pp., Svo.; with twenty-one 
plates. By N. H. Winchell; with a field report, by C. W. Hall; Chemical 
analyses, by S. F. Peckham; Ornithology, by P. L. Hatch; a list of the 
plants of the north shore of lake Superior, by B. Juni; and an Appendix by 
C. L. Herrick on the Microscopic Entomostraca of Minnesota; twenty- 
one plates. Also in the Regents’ Report for 1878. Out of print. 20 cents. 

Tue EicHtTH AxYNUAL REPORT, FOR 1879. 183 pp., 8vo.; one plate (Castor- 
oides). By N. H. Winchell. Containing a statement of the Methods of 
Microscopie Lithology,a discussion of the Cupriferous Series in Minnesota, 
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and descriptions of new species of Bachiopoda from the Trenton and Hud-. 
son River formation; with reports on the Geology of Central and Western 

Minnesota, by Warren Upham; on the Lake Superior region, by C. W. 

Hail; lists of birds and of plants from Lake Superior, by Thomas S. Rob- 

erts; Chemical Analyses, by, S. F. Peckham; Report by P.L. Hatch; and 

four Appendixes. Also in the Regents’ Report for 1879 and 1880. Out of 
print. 20 cents. - 


Tue Ninta ANNoAL REPORT, FOR 1880. 392 pp., Svo.; three appendixes, 


two wood cut illustrations and six plates. By N. H. Winchell. Contain- 
ing field descriptions of 442 crystalline rock samples, and notes on their 
geological relations, from the northern part of the state, new Bachiopoda, 
the water supply of the Red River valley, and simple tests of the qualities 
of water; with reports; on the upper Mississippi region, by O. E. Garri- 
son; on the Hydrology of Minnesota, by C. M. Terry; on the Glacial 
Drift and its terminal moraines, by Warren Upham; Chemical analyses, by 
J. A. Dodge; a list of the birds of Minnesota, by P. L. Hatch; and of the 
winter birds, by Thomas S. Roberts. Also in the Regents’ Report for1879 
and1880. Outofprint. 30 cents. 


THE TENTH ANNUAL RFPORT, FOR 1881. 254 pp., 8vo., with ten wood cut 


illustrations and fifteen plates. By N. H. Winchell. Containing field de- 

scriptions of about four hundred rock samples, and notes on their geologi- 

cai relations, continued from the last report; the Potsdam sandstone; 
typical thin sections of the rocks of the Cupriferous series; and the deep 

well at the ‘‘C’’ Washburn mill, Minneapolis; with geological notes, by 

J. H. Kloos; Chemical analyses, by J. A. Dodge; and papers on the Crus- 

tacea of the fresh waters of Minnesota, eleven plates, by C. L. Herrick. 

Also in the Regents’ Report for 1881 and 1882. Out of print, 28 cents. 


THE ELEVENTH ANNUAL REPORT, FOR 1882. 219 pp., 8vo., with three wood 


cut illustrations and one plate. By N. H. Winchell. Containing a report 
on the Mineralogy of Minnesota, and a note on the age of the rocks of 
the Mesabi and Vermilion iron distrists; with papers on the crystalline 
rocks of Minnesota, by A. Streng and J. H. Kloos; on rock outcrops in 


central Minnesota and on lake Agassiz, by Warren Upham; on the iron ~ 


region of northern Minnesota, by Albert H. Chester; Chemical analyses, 
by J. A. Dodge; and an appendix containing Minnesota laws relating to 
mines'and mining, abstracted by C. . Herrick. Also in the Regents’ Report 
for 1881 and 1882. 25 cents. 


THE TWELFTH ANNUAL REPORT, FOR 1883. Summary report, paleontologi-’ 


cal notes and a paper on the comparative strength of Minnesota and New 
England granites, twenty-six pages, by N. H. Winchell; final report on the 
Crustacea of Minnesota, included in the orders of Cladocera and Copepoda, 
192 pages and 30 plates, byC.L. Herrick; and a catalogue of the Flora of 
Minnesota, 193 pages, with one map showing the forest distribution, by 
Warren Upham. Also in the Regents’ Report for 1883 and 1884. Out of 
print. 40 cents. 


THE THIRTEENTH ANNUAL REPORT, FOR 1884. 196 pp. Geological’ recon- 


noissances, the Vermilion iron ores, the crystalline rocks of Minnesota and 
of the Northwest, the Humboldt salt-well of Kittson county, records of 
various deep wells in the state, fossils of the red quartzyte at Pipestone, 
reports on the New Orleans Exposition and on the General Museum, by N. 
H, Winchell; Geology of Minnehaha county, Dakota, by Warren Upham; 
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- Chemical report, by Prof J. A. Dodge; Minnesota geographical names 
derived from the Dakota language, by Prof. A. W. Williamson; Insects in- 

_jurious to the cabbage, by O. W. Oestlund; Geological notes in Blue Earth 
county, by Prof. A. F. Bechdolt and a fossil elephant from Stockton, by 
Prof. John Holzinger; papers on the Cretaceous fossils in the boulderclays 
in the Northwest, by George M. Dawson and by Woodward and Thomas; 
and notes on the Mammals of Big Stone lake and vicinity, by C. L. Her- 
rick. Outofprint. 25 cents. 


THE FouRTEENTH ANNUAL REPORT, FOR 1885. 354 pp.; two plates of fossils 
and two wood cuts. By N. H. Winchell. Containing summary report, 
notes on some deep wells in Minnesota, descriptions of four new species 
of fossils, a supposed natural alloy of copper and silver from the north 
shore of lake Superior, and revision of the stratigraphy of the Cambrian in 
Minnesota, with the following papers by assistants, viz: List of the Aphi- 
didz of Minnesota with descriptions of some new species, by O. W. Oest- 
land; Report on the Lower Silurian Bryozoa, with preliminary descrip- 
tions of some new species, by E. O. Ulrich; Conchological notes by U.S. 
Grant; Bibliography of the Foramnifera, recent and fossil, by Anthony 
Woodward. 40 cents. 


THE FIFTEENTH ANNUAL REPORT, FOR 1886. 493 pp., 8vo.; 120 diagram il- 
lustrations and sketches in the text, and two colored maps; embracing re- 
ports on observations on the crystalline rocks in the northeastern part of 
the state, by Alexander Winchell, N. H. Winchell and H. V. Winchell; 
Chemical report by Prof. J. A. Dodge; additional railroad elevations by 
N. H. Winchell; list of Minnesota geographical names derived from the 
Chippewa language, by Rev. J. A. Gilfillan; and notes on IIlni, describ- 
ing three new species, by Aug. F. Foerste. Also as supplement II of the 
Regents’ Report for 1887-1888. Out of print. 50 cents. 


THE SIXTEENTH ANNUAL REPORT, FOR 1887. 504 pp., 8vo.; two plates and 
83 cther illustrations. Contains reports on the original Huronian area, 
the Marquette iron region, onthe Gogebic and Penokee irou-bearing rocks, 
on the formations of northeastern Minnesota (including the physical as- 
pects, vegetation, quadrupeds and other vertebrates), the geology of the 
region northwest from Vermilion lake to Rainy lake and of the Little and 
Big Fork rivers; also notes on the Molluscan fauna of Minnesota. 50Oc. 


THE SEVENTEENTH ANNUAL REPORT, FOR 1888. 280 pp., 8vo.; ten text illus- 
trations. Contains: Report of N. H. Winchell, the crystalline rocks of 
Minnesota, a general report of progress made in the study of their field 
relations, with a bibliography of recent works on the crystalline rocks; 
report of H. V. Winchell, field observations in the iron regions; report of 
U. S. Grant, geological observations in northeastern Minnesota. 40 cents. 

THE EIGHTEENTH ANNUAL REPORT, FOR1889. 234 pp., 8vo. Report of fur- 
ther field operations in the regions of the crystalline rocks of the state and 
in the area of the original Huronian, by N. H. Winchell; and a review of 
American opinion on the older rocks, by Alexander Winchell. 35 cents. 

THE NiNETEENTH ANNUAL REPORT, FOR 1890. 255 pp., 8vo.; with illustra- 
tions. Translation of Boricky’s elements of a new Chemico-microscopic 
method of analysis of rocks and minerals, and of Kloos’ Geognostic and 
Geographical observations in Minnesota in 1877, by N. H. Winchell; 
Chemical report by Prof. Dodge; the woods of Minnesota, by H. B. Ayers; 
Museum and library additions; List of meteorites in the museum; Petro- 
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graphy and geology of the Akeley lake region, W. S. Bayley; New Lower 
Silurian Lamellibranchiata, E. O. Ulrich. 40 cents. 


THE TWENTIETH ANNUAL REPORT, FOR 1891. 344 pp., 8vo.; 12 plates and 
33 text illustrations. Summary statement; The crystalline rocks—some 
preliminary considerations as to their structures and origin, by N. H. 
Winchell; Field notes in 1890, by N. H. Winchell; Additional rock sam- 
ples to illustrate notes, by N. H. Winchell; Field observations on certain 
granitic areas in northeastern Minnesota, by U.S. Grant; Catalogue of 
rock specimens, by U.S. Grant; The Mesabi iron range, by H.V. Winchell; 
Sketch of the coastal topography of the north side of lake Superior, with 
special reference to the abandoned strands of lake Warren (the greatest of 
the late Quaternary lakes of North America), by A. C. Lawson; Diatoma- 
cea, of Minnesota Inter-Glacial peat, by B. W. Thomas, with list of species 
and some notes upon them, by H.L. Smith, and directions for the prepara- 
tion and mounting of Diatomacez, by C. Johnson and H. L. Smith; Ox- 
ide of manganese, by N. H. Winchell; Museum additions; Additions to 
the library. 50 cents. 

THE TWENTY-FIRST ANNUAL REPORT, FoR 1892. 171 pp., 8vo.; two plates 
and 21 text illustrations. Summary statement and comparative nomen- 
clature, with a table of the Pre-Silurian rocks of Minnesota and their equiv- 
alents; The geology of Kekequabic Jake in northeastern Minnesota, with 
special reference to an augite soda-granite, by U.S. Grant; Catalogue of 
rock specimens, by U.S. Grant; Field observations in 1892, by N. H. Win- 
chell; Some problems of the Mesabi iron ore, by N. H. Winchell; Addition- 
al rock samples to illustrate report, by N. H. Winchell; Additions to the 
library. 40 cents. 

THE TWENTY-SECOND ANNUAL REPORT, FOR 1893. 210pp., 8vo.; 7 plates and 

* 8 text illustrations. Summary statement; Preliminary report of field 
work during 1893 in northeastern Minnesota, chiefly relating to the gla- 
cial drift, by Warren Upham; Preliminary report of field work during 
1893 in northeastern Minnesota, by U.S. Grant; List of rock samples col- 
lected in 1893 by U.S. Grant; List of rock samples collected in 1893 by 
A. D. Meeds; Preliminary report of a reconnoissance in northwestern Min- 
nesota during 1893 by J. E. Todd; Notes onthe geology of Itasca county, 
Minnesota, by G. E. Culver; Preliminary report of field work done in 
1893, by J. E. Spurr; List of rock samples collected in 1893, by J. BE. Spurr; 
Preliminary report of levelling party, by C.P. Berkey; Preliminary report 
of field work during 1893 in northeastern Minnesota, by A. H. Elftman; 
List of rock samples collected in 1893, by A. H. Elftman; Museum addi- 
tions; Additions to the library since the report of 1892; The exhibit of the 
survey at the Columbian Exposition, by N. H. Winchell. 40 cents. 

THE TWENTY-THIRD ANNUAL REPORT, FOR 1894. 255 pages, three plates, map 
of Rainy lake gold region. Summary statement; The origin of the Arch- 
ean Greenstones, N. H. Winchell; Preliminary report on the Rainy lake 
gold region, by H. V. Winchell and U. S. Grant; Topographical survey of 
Minnesota, W. R. Hoag; Historical sketch of the discovery of mineral de- 
posits in the Lake Superior region, H. V. Winchell; Late glacial or Cham- 
plain submergence and re-elevation of the St. Lawrence river basin, Warren 
Upham; Notes on Minnesota minerals, Chas. P. Berkey; Chemical analy- 
ses, Profs. Dodge and Sidener, and Messrs. A. D. Meeds and A. J. Ham- 
mond, reported by Prof. G. B. Frankforter; The progress of mining, N. H. 
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Winchell; The compressive strength of some Minnesota brick and building 
stones; List of rock samples collected is 1894, by U.S. Grant; Notes upon 
the bedded and banded structures of the gabbro, and upon an area of tro- 
cholyte, A. H. Elftman; Additions to the Library and to the Museuni; 
List of samples collected in 1894, N. H. Winchell. +0 cents. 


THE TWENTY-FOURTH (AND FINAL) ANNUAL REPORT, FOR THE YEARS1895,1896, 
1897 and 1898. Pages xxviii and 288. Summary statement; Rock sam- 
ples collected to illustrate the notes of N. H. Winchellin 1896, with annota- 
tions; Rock samples collected in 1897 to illustrate the notes of N. H. Win- 
chell, with annotations; Rock samples collected by N. H. Winchell in 1898, 
with field annotatious; Record of geological field-work in northeastern 
Minnesota, 1892 to 1898, by U.S Grant. List of rock samples collected 
in northeastern Minnesota in 1898 by U. S. Grant; Preliminary report of 
field-work during the summer of 1895,:A. H. Elftman; List of rock sam- 
ples collectetd in northeastern Minnesota in 1895, 1896 and 1897, by 4.H. 
Elftman, prepared by U. S. Grant ; Additions to the library. GENERAL In- 
DEX OF THE ANNUAL REPORTS OF THE MINNESOTA SuRVEY. [Reports I- 
XXIV]. 1872-1899. Price list of the publications of the Survey. 


Il. FINAL REPORT. 
(Distributed by the State Geologist.) 


Tue GEoLocy oF Minnesota. VOL. I OF THE FINAL REPORT. 1872-1882, xiv 
and 697 pp., quarto; illustrated by forty-three plates and fifty-three figures. 
By NAH Winchell; assisted by Warren Upham. Containing: a historical 
sketch of explorations and surveys in Minnesota; the general physical fea- 
tures of the state; thebuilding’stones; and the Geology of Houston, Winona, 
Fillmore, Mower, Freeborn, Pipestone, Rock and Rice counties, by: N. H. 
Winchell; ‘the Geology of Olmsted, Dodge and Steele counties by M. W. 
Harrington ; and the Geology of Waseca, Blue Earth, Faribualt, Waton- 
wan, Martin, Cottonwood‘ Jackson, Murray, Nobles, Brown, Redwood, @ 
Yellow Medicine, Lyon, Lincoln, Big Stone, Lac qui Parle and Le Sueur 
counties by Warren Upham. Distributed gratuitously to all public libra- 
ries and county auditors’ offices in the state, to other state libraries and 
state universities, and to leading geologists and scientific societies; the re- 
mainder are held for sale upon application to Prof. N. H. Winchell, Minne- 
apolis. By mail, $1.40, in cloth $1.90. 

THE GEOLOGY oF Minnesota. VoL. II of THE Fina REPORT. 1882—1885, 
xxiv and 695 pp., quarto; illustrated by forty-two plates and thirty-two 
figures. By N. H. Winchell, assisted by Warren Upham. Containing chap- 
ters on the Geology of Wabasha, Goodhue, Dakota, Hennepin, Ramsey and 
Washington counties, by N. H. Winchell; and on Carver, Scott, Sibley, 
Nicollet, McLeod, Renville, Swift, Chippewa, Kandiyohi, Meeker, Wright, 
Chisago, Isanti, Anoka, Benton, Sherburne, Stearns, Douglas, Pope, Grant, 
Stevens, Wilkin, Traverse, Otter Tail, Wadena, Todd, Crow Wing, Mor- 
rison, Mille Lacs, Kanabec, Pine, Becker and Clay counties, by Warren 
Upham. Distributed according to law, in the same manner as Vol. I above. 
By mail, $1.15, cloth; $1.75 in leather. 

[HE PaLeonroLocy oF Minnesota. VOL. III, Part 1,0F THE FINAL REPORT. 
1885-1892. pp. lxxv ard 474, 40 plates of fossils; Historical sketch of 


. 
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investigation of the Lower Silurian in the upper Mississippi valley. N. H.~ 
Winchell and E. O. Ulrich; Cretaceous fossil plants in Minnesota, Leo Les- 


quereux, The microscopical fauna of the Cretaceous in Minnesota, with 
additions from Nebraska and Illinois, A. Woodward and B. W. Thomas. 
Note on other Cretaceous fossils in Minnesota, N. H. Winchell; Sponges, 
graptolites and corals from the Lower Silurian in Minnesota, N. H. Win- 
chell and Charles Schuchert; On Lower Silurian Bryozoa of Minnesota, 


E. O. Ulrich; The Lower Silurian brachiopoda of Minnesota, N. H. Win-— 


chell and Charles Schuchert. Mail $1.25, in cloth; $1.75 in leather. 


THE PALEONTOLOGY OF MINNESOTA. VOL.III, Part 2,0F THE FINAL REPORT. 


1892-1896. pp. Ixxxiil to cxxix and 475 to 1081, plates 35 to 82. The 


Lower Silurian deposits of the Upper Mississippi province; a correlation | 


of the strata with those of the Cincinnati, Tennessee, New York and Ca- 
nadian provinces, and the stratigraphic and geographic distribution of 
the fossils, N. H. Winchell and E. O. Ulrich; The Lower Silurian Lamelli- 
branchiata of Minnesota, E. O. Ulrich; The Lower Silurian Ostracoda of 
Minnesota, E. O. Ulrich; The Lower Silurian Trilobites of Minnesota, 
John M. Clarke; The Lower Silurian Cephalopoda of Minnesota, E. O. 
Ulrich and W. H. Scotield; Mail, $1.25 in cloth; $1.75 in leather. 


THE GEOLOGY OF MINNESOTA, VOL. IV oF THE Fina REPORT, 1896-1898, 


pages xx and 354; 34 geological plates, 56 other plates and 114 figures. 
By N. H. Winchell, assisted by U. S. Grant, James E. Todd, Warren Upham 
and H. V. Winchell; with descriptive chapters on Carlton, St. Louis and 
Lake counties and on the Hibbing, Mountain Iron, Virginia, Partridge 
River, Dunka River, Pigeon Point, Vermilion Lake, Carlton and Duluth 
plates, by N. H. Winchell; On Aitkin, Cass and a part of Crow Wing coun- 
ties, by Warren Upham; On Hubbard, a part of Cass, Norman and Polk, 
Marshall, Roseau and Kittson, and on Beltrami counties by J. E. Todd; 
On Itasca and Cook counties and on the Pokegama Lake, Grand Rapids, 
Swan Lake, Gabbro Lake, Snowbank Lake, Fraser Lake, Akeley Lake, 
Gunflint Lake, Rose Lake and Mountain Lake plates, by U. S. Grant; and 


on Minnesota Iron mining economically and statistically considered, by — 


H. V. Winchell. Mail, cloth, $1.25, leather, $1.75. 


III. MISCELLANEOUS PUBLICATIONS. 
(Distributed by the State Geologist.) 


CrrcuLaR No. 1. A copy of the law ordering the survey, and a note 
asking the co-operation of citizens and others. 1872. 

Peat FoR Domestic Foer. Edited by S. F. Peckham. 

REPORT OF THE SALT SPRING LANDS DUE THE STATE OF MINNESOUA. A 
history of all official transactions relating to them, and a statement of 
their amount and location. 1874. By N. H. Winchell. 

A CATALOGUE OF THE PLANTS OF MINNESOTA. Prepared in 1865, by J. 
A. Lapham, contributed to tne Geological and Natural History Survey 
of Minnesota, and published by the State Horticultural Society in 1875. 
CrrcuLaR No. 2. Relating to botany, and giving general directions for 
collecting information on the flora of the state. 1876. 

CrecuLar No. 3. The establishment and organization of the Museum. 
1877. 
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Fs Lie CircuLaR No. 4. Relating to duplicates in the Museum and exchanges. 

mi " 1878. 

' icy THE BUILDING STONES, CLAys, Limes, CEMENTS, ROOFING, FLAGING AND 

eat + Pavinc STONES OF MINNESOTA. A special report by N. H. Winchell. 

% 1880. 

; 9.  Crreutar No. 5. To Builders and Quarrymen. Relating to the collec- 
tion of two-inch cubes of building stones for physical tests of strength, 
and for chemical examination, and samples of clay and brick for the 
General Museum. 1880. 

10. Crrcurar No. 6. To owners of mills and unimproved water-powers. 
Relating to the hydrology. and water-powers of Minnesota. i880. 

11. Crrcurar No. 7. Distribution of specimens, addressed to Normal and 
High Schools. 


IV. BULLETINS. 
(Distributed by the State Geologist, except No. 9, which is distributed by the State 
Botanist. ) 
No.1. History of Geological Surveys in Minnesota. Svo., pp. 37. 1889. 
by N. H. Winchell. 20 cents. 
% No.2. Preliminary description of the Peridotytes, Gabbros, Diabases and 
Andesytes of Minnesota. 8vo., pp. 158; 12 colored plates. 1887. By 
M. E. Wadsworth. 50 cents. Out of print. 


No. 3. Report of the work done in Botany in tke year 1886-1887. S8vo., pp. 
56. By J.C. Arthur. 20 cents. Out of print. 


No.4. A synopsis of the Aphidide of Minnesota. 8vo., pp. 100. 1887. By 
O. W. Oestlund. 20 cents. 


No.5. Natural Gas in Minnesota. 8vo., pp. 39. 1889. By N. H. Winchell. 
20 cents. 


No.6. TheIron Ores of Minnesota. Their geology, discovery, development, 
qualities and origin, and comparison with those of other iron districts 
with a geological map, 26 figures and 44 plates. Svo., pp. 430. 
1891. By N. A. Winchell and H. V. Winchell. $2.25. 

No. 7. The Mammals of Minnesota. A scientific and popular account of 
their features and habits, with 23 figures and eight plates. Svo., pp. 
300. 1892. By C. L. Herrick. 75 cents. 

No.8. The Anorthosytes of the Minnesota coast of Lake Superior, by A. C. 
Lawson. The laccolitic sills of the northwest coast of Lake Superior 
by A.C. Lawson. Prefatory note on the Norian of the Northwest, 
by N. H. Winchell. Svo., pp. xxxiv, 48; 7 plates and 8 text illustra- 
tions. 1893. 30 cents. 


No.9. Thisis a botanical document published under the direction of Prof. 
McMillan and by him distributed. 


No. 10. The Iron-Bearing Rocks of the Mesabi Range in Minnesota. With 22 
figures and 12 plates. 8ve., p. vili, 268. 1894. By J. Edward Spurr. 


Note—The botanical and zoological publications of the Survey are distributed 
respectively by Prof. Conway McMillan and Prof. Henry F. Nachtrieb, ex- 


cept as above listed. 
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